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INTRODUCTION 

______ _ — f 

Jean Wellisch 

BACKGROUND C 

A review of research pertaining to the federally subsidized school nutrition 
programs was undertaken as the first phase of the National Evaluation of the 
School- Nutrition Programs (NESNP). The findings of the review ire presented 
In: this report* 

>'*- \ . , 

The NESNP is being conducted by System Development Corporation in conjunction 
with [the Food and Nutrition Service (FNS) of the United States Department of 
Agriculture (USDA). The study, which began in October, 1979, is examining 
three of the child nutrition ^propr^ams administered by FNS*, namely, the 
National School LuncH Program (NSLP), the School Breakfast Progam (SBP), and 
■the Special Milk Program (SMP). These three programs share the common 
legislative objective of safeguarding .the health and well-being of the 
Nation's children. They have been |Suthorized by the National School Lunch 
Act of A 946 and the Child Nutrition Act of 1966, as amended. ' 

Iri addition to the review of research, the* National Evaluation of School 
Nutrition Programs includes national surveys of approximately 8,000 public 
school students in grades 1 through 12, the parents of these students, and 
food adminislirators at the school, school district, and state levels. These 
three primary data collection and analysis efforts are intended to provide 
information needed to inform^ legislative decisions and operational directives 

■Aft « * 

concerned, with the programs. 1 Specifically, the objectives of the surveys 
*ar'e:; ' to assess the current nutritional status of school children and the 
national need for the scho6i nutrition programs; to determijafe whether the 
current levels and targeting of program benefits are appropriate for 
participants 1 needs; to assess the impact of the school nutrition .programs on 
children, their families, schools, school districts, and" states; to identify 
and document successful school nutrition projects, models, strategies, and 
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procedures; and to develop forecasting models that can be used to predict 
participation rat?s in the school nutrition programs,* 

The review of researcn, the first phase of the NESNP, is intended to provide 
guidance for the design of the subsequent parts of the evaluation (i.e., 
student, parent, and food administrator surveys), by describing the school 
nutrition programs and their operations and by providing baseline informatioA 
on nutritional status assessment, on the nutritional status of school-age 
children, on program impact, and on the 'correspondence between targeting of 
program" bene fits and recipients 1 needs. The review identifies areas that 
need further investigation and also identifies methodological ^approaches that 
are^most likely to increase our knowledge of the programs and their effects. 




•The oBjectives of the National Evaluation of the School Nutrition Programs 
coincide with many of the items in Senate Resolution 9&MReport No. 98-208), 
enacted on May 21, 19j79, which requests the Secretary of Agriculture to 

^ ..'.conduct a study of the schobi. nutrition, programs administered^ 
under the National School Lunch Act' and the Child* Nutrition Act of 
1966. The study is to include, but not be limited to] a 
consideration and assessment of (1) program «co&ts,, including 
procedures to/ implement uniform accounting methods Jfor full c6st 
accounting; (2) actions*, necessary -to 'develop a national survey data 
base for .these programs suitable for making projections qf program 
, participation and costs through simulations or other techniques; (3) 
;the composition and' income , of families participating * in the 
. programs; (4) the effect of program participatiori* by income 
category, on s the participants 1 - niitrient- intake and health; (5) 
whether the existing levels of program beneFits are appropriate to 
'the participants 1 needs;/ (6) whether the statements of policy 
contained in the National/ School Lunch Act and the Child NutrititSn ~ 
Act of 1966 should be modified; (7) the feasibility of using the 
school lunchroom as a V 'nutrition ^education classroom; (8) the • 
contritiution of the progrWs to the "agricultural economy, including 
commodity-by-commodity and\regional analyses; (9) the options for 
dissemination of information— on successful school food service 
operating procedures; (10) .income verification procedures; arid (11) 
the need for legislative changes to the items specified foe 
consideration herein. The Secretary is requested to. report^on the 
progress of the study to Congress by January 31, 1980, and to "submit 
a final report to Congress by March 31, 1981. (The NESNP will ' 
provide, data to address Senate Resolution 90 items 2, 3, 4 and 5.) 
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REVIEW OF METHODOLOGY* . 

The rev^dW^of research on the school nutrition programs involved six tasks: 
(1) proposing the questions that require answers, (2) identifying the 
research studies to be reviewed, (3) describing the methodology of each 
research study and the findings that boar on the questions, (U) critically^ 
analyzing and integrating the findings from studies that address the same 
question, (5 ) identifying * information gaps and specifying needed research , 
and (6) reporting the results. Each of these tasks is discussed below. 

i . 

Proposing the Questions 

A basic tenet of any research, whether it .is primary research or a critical 
review of the research literature, is that its usefulness is conditioned by 

o the way it is conceptualized and the questions that it asks. As noted above, 
the major purpose of this review was to provide guidance for the three field 
surveys of the National Evaluation of the School Nutrition Programs and for 
future research that may be undertaken by USDA. Accordingly, as In assessing 
any -program, the review focused upon what is known about the programs] and 

^ their impacts, ,and sought to identify areas in which further research is 
needed. For this investigation, we developed questions concerning the 
enabling legislation, objectives, and organization .of the programs; the 
nature of the services and nutritional intervention provided by the programs; 
the effects of the programs _ on the nutritional status of participating 
students (including an assessment of the nutritional needs of the targiet^d 
groups and the various measures that have been used to determine 'nutr^^cnal 
status); the effects of the programs on participating families, schools and 
districts; and the extent to which targeting of benefits is appropriate -£o- 
participants' needs. Figure 1 provides the list of th^ questions that . 
'directed the review and provided an outline for writirife the report. 


*The methodology used for this review is very similar to that propos'gd^ by 
Jackspn (1980) for the conduct of integrative reviews. 
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CHAPTER I; THE SCHOOL NUTRITION PROGRAMS — LEGISLATION . ORGANIZATION AND 
OPERATION ~~~ 



1. HOW ARE THE SCHOOL NUTRITION PROGRAMS DESIGNED TO OPERATE? 

A. What Major Legislation Has Influenced the Operation of the Programs? 

B- What Are the Functions and Responsibilities of Federal, State end 
• Local Agencies? ' 

. C. How Are the Programs Funded? 

i>. What Are the Reporting Requirements between Federal, State and 
Local Agencies? 

E. What Monitoring and Evaluation Activities Occur? 

*F. What Functions Related to Food Procurement Occur -at the Various 
Levels? 

G. What Outreach Functions* Are Performed? 4 / 

■7 

H. Do ; the Programs Operate Differently in Private Schools Than They Do 
in Public Schools? j 

I. Hew Many Students and Schools Participate in the' Programs? 

CHAPTER II; METHODS FOR ASSESSING THE NUTRITIONAL STATUS OF CHILDREN 

,2. WHAT METHODS HAVE BEEN USED TO ASSESS *THE NUTRITIONAL ^STATUS OF 
CHILDREN AND WHAT ARE* THEIR STRENGTHS AND ^LIMITATIONS? 

* A. What Dietary Measures HavS Been Used and What .*re Their Strengths 
and Limitations? 

B. What Biochemical Measures Have Been Used and What Are Their 
_ Strengths and Limitations? . 



^^Jlhat^ ^thropoine tric Measures Have Been Used and what Are Their 
Strengths and JTimitsrtxons? 



Figure 1. Chapter Organization and Questions 
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CHAPTER III; THE NUTRITIONAL STATUS OF SCHOOL-AGE CHILDREN 



1. WHAT NUTRITIONAL PROBLEMS ARE FOUND AMONG SCHOOL- AGE CHILDREN, AND HOW ' 
ARE THESE PROBLEMS RELATED TO DEMOGRAPHIC AND SOCIOECONOMIC 
CHARACTERISTICS? - 

A. What Dietary Deficiencies and/or Excessive Intakes of Nutrients and 
Other Dietary Constituents Have Been Identified as . Nutritional 
Problems of School- Age Children? 

I . * 

B. What Nutrition-Related Conditions Have Been Identified by 
Biochemical Measures to be Problems for School-Age Children? 

C. What Grwth and Development Problems Have Been Identified by 
Anthropometric Measures : as Nutritional Problems of School-Age 
Children? 

D. * What Clinical Signs of Nutritional Deficiencies Have Been 
| Identified Among School-Age Children? 



- CHAPTER IV; EFFECTS' OF THE SCHOOL NUTRITION PROGRAMS ON STUDENTS AND , 
FAMILIES, SCHOOLS AND DISTRICTS [ /P^ 

1. WHAT ARE THE EFFECTS OF THE SCHOOL NUTRITION PROGRAMS ON STliuENTS? 

i 
i 

A. What Are the Effects of Participation on Nutritional Status? 

| ^ • 

B. fcfaafc^Are the Effects of Participation on Milk Consumption? 

C. What Are the .Effects of Participation^ on School Performance, 
Behavior, and Nutrition Knowledge? s . 

2. WHAT ARE THE EFFECTS OF THE SCHOOL NUTRITION PROGRAMS ON FAMILIES? 

A. What Are the Effects of Participation on Family Food Expenditures, 
Foodjpfasumption, and Interactions Among Family Members? 

3. WHAT ARE THE "EFFECTS OF THE SCHOOL NUTRITION PROGRAMS ON SCHOOLS AND 
"SCHOOL DISTRICTS? 



Figure 1. Chapter Organization and Questions (Cont'd) 
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CHAPTER V: TARGETING OF SCHOOL NUTRITION PROGRAM BENEFITS 

1. HOW ARE SCHOOL NUTRITION PROGRAM BENEFITS TARGETED? 

A. Do Family Size/Income Criteria identify children at Nutritional 
Risk? 

\ 

B. To What Extent Do Families Participate in More Than One Federal 
Assistance Program? 

2. DO SCHOOL NUTRITION PROGRAMS MEET THE NUTRITIONAL NEEDS OF SCHOOL AGE 
CHILDREN? 

A. What Is the Nutrient Content of School Meals? 

fl. Are School Meals Adequate for Nutrients Thai Are Deficient in 
School-Age Children? 1 

C. What Response Has USDA Made to "the Findings of Nutritional Studies? 
CHAPTER VI: INFORMATION REQUIREMENTS 

The final chapter identifies areas where more information is needed and 
indicates which of these areas will be addressed by the NESNP. 



'igure 1. Chapter Organization and Questions (Cont'd) 
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Identifying Research For Review 

The methods used to identify research studies for review' are of primn 
importance* If the universe of studies on a given topic is small, or if all 
studies can be reviewed no matter the size of the universe, there is no 
problem. In most reviews, including this one, neither is the case; many 
studies have been conducted on various aspects of the school nutrition 
programs and it was not possible to search out and review all research that 
has ever been conducted. Moreover, even if all studies concerned with the 
programs could be reported, such a review >/ould lose its usefulness by 
overtaxing the reader. Hence, criteria were established to ensure that the 
most important and current studies were selected for review. In the main, 
selected studies met the following criteria: 

The research must have been reported within the T.ast 20 years. 

The research findings must have been published in official USDA 
publications, professional journals, or formal reports of 
investigations. 

The research must have been based on primary data collection. 

The research must \>e related to the programs or must provide 
information useful for evaluating the findings of research on the 
programs. 

The report on the research must contain a description of the research 
methods (sample, data collection and analysis procedures) that were 
"abed . 

In a few cases, we included material in the review that did not meet one or 
more of these criteria. Such exceptions are indicated in the text. 

While there have been many studies on various aspects of the school nutrition 
programs, few have been conducted under sufficiently controlled conditions 



and wxth large enough samples for weir results to be generalizable to USDA 
programs across the nation. kV ctua.es that engaged .n primary data 
collection, used systematic data collection procedures, and had large student 
samples were included in the review. ,le tno large studies are well known 
and easily accessed, special search procedures were instituted for locating 
those that are smaller, and less well Kn;wn, Computerized bibliographic 
searches were conducted, covering 1960 to the .orient, accessing the data 
bases of the Educational Resources Information Center (ERIC), the National 
Technical Information Service (NTIS), the Medical Literature Analysis and 
Retrieval System (MEDLARS), the Food Science ar.a Technology Abstracts (FSTA), 
and AGRICOLA, the cataloging and indexing data base of the National 
Agricultural Library. Most of the studies identified in this way were 
small-scale evaluations of the school nutritioa programs. In addition to the 
reports discovered in this manner, a few in-house USDA documents on studies 
in progress were provided by FNS, and still other studies were identified 
through citations in articles obtained through the computer search. Thus, 
while the studies discussed in the review do not exhaust the information that 
is available on the programs, we addressed all of the major studies and a 
large number of smaller ones that could be identified through our search 
techniques. 

In addition tts^t^dies of the school nutrition programs, a sizable number of 
studies were reviewed that deal with material which—though not directly 
related to thermograms— is needed to fully understand findings on program 
impact and targeting. These are studies that assess measures of nutritional 
status or identify the nutritional problems of American 3chool-age children. 

Describing Findings and Associated Methodology 

As indicated above, one of the criteria for selecting the studies to be 
reviewed was that the reported research must contain a description of its 
methodology. It is important for reviewers and their audience to be able to 
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establish a level of confidence in the bindings. Unfortunately, reports vary 
considerably in the amount of detail provided about critical elements of the 
research, such as the hypotheses that were tested, the Way in which the 
sample was selected, the instrumentation and data collection techniques, the 
analysis procedures, and the quality control procedures used throughout the 
study. To the extent possible, we present all the critical desi / gh|elements of 



Critically Analyzing and Integrating the Findings 

Because the review was intended to provide guidance for field data collection 
and analysis in the NESNP as well as to point to future research that needs 
to be done , it was not enough -to simply describe a number of studies that 
have dealt with a particular subject and report upon their findings; In 
general, reviews that are-Hmted to abstraction and summarization of what is 
available in the literature are not particularly helpful; they place all of 
the analytic and interpretive burden on the reader. In this review, the 
methodology of each reported study is critiqued. When we compared two or 
more studies with different findings, we looked closely to see if factors 
associated witlr the samples, sampling errors, measures, or analytic 
techniq ues e xplained the differences. When such studies had similar findings, 
we looked to see if they shared a common methodological flaw. 

We did not try to use statistical techniques to compare the findings from 
various studies. Because the studies addressed such a large number of 
topics, with methods ranging from systematic investigations, of large groups 
to impressionistic case studies, many untenable assumptions regarding the 
nature of the data would have to be made in order to conduct a 
"meta-analysis" of the findings from several studies (Glass, 1976). On the 
whole such an exercise probably would have been more costly than it was 
worth.- ^iowever, there are some areas, particularly those concerned with the 



the studies. We also indicate where descriptions of 
omitted from the reviewed report. 




were 




effects of the school nutrition programs on the nutritional status of 
children, that could benefit from an analysis that compares the results from 
several studies. When the results from the field studies of the KESNP are 
available, it will be useful to compare its results statistically with those 
of the other large studies that have been conducted. However, even in this 
case, it may be more useful to conduct secondary analyses based on source 
data rather than to compare the summarized data published in reports, 
i 

We have tried to describe studies in sufficient detail to allow the reader to 
test our interpretations and conclusions. We have identified limitations of 
the research techniques used in these studies, but have also tried to avoid 
being hypercritical. Most of the studies reviewed here add to the store of 
information on the programs eveh when they have apparent methodological 
weaknesses. When congruent results are obtained from studies that do not 
share common defects, then we can be reasonably sure that these results add 
to our understanding of the observed phenomena. 

V 

Identifying Information Gaps and Specifying Research 

The final analysis task in the review was to assess what is known with 
relative confidence from the research that has, been examined on each topic, 
and to identify information that is not known, but is needed^ to improve che 
effectiveness of the school nutrition programs. The assessment of what is 
known depends largely on the confidence that we have in individual studies 
and on the congruence of findings from many studies. Where we have a 
question but no adequate answers, we have tried to indicate the kinds of 
research needed to fill the information gap. 

We have tried to be realistic in making suggestions for the kinds of research 
that should be undertaken. We recognize ti:at there are many factors that 
constrain research on the school nutrition programs. While we would all be 
much more confident about the effects of the National School Lunch Program 
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(NSLP) on the nutritional status of students if our information were obtained 
from studies that used a classical experimental design, there are reasons why 
such studies are often difficult to conduct. The widespread adoption of the 
NSLP by schools throughout the ^nation makes it highly unlikely that the 
treatment (NSLP) could be randomly assigned to schools. However, an 
experimental design probably could be used with the breakfast program, which 
is in only about one quarter of the schools. Many issues of interest 
concerning the school lunch program could be investigated with planned 
program variations. For instance, studies of the effects on participation 
o^ various meal types, delivery methods, etc., could use this approach. 
Planned variations could also be used to compare costs and plate waste 
associated with various meal types and delivery configurations.^ 

I 

Another type of constraint on the research concerns burden on subjects. For 
comparing participants in the programs with nonpartkcipants on a few 
dimensions of their nutritional status, for example, it may be desirable to 
do biochemical examinations of venous blood, but it is often impossible to 
obtain the cooperation of subjects when techniques are used which are 
perceived as invasive. Moreover, as these are school-based programs, there 
is a limit to the amount of interference and burden that school, district and 
state administrators will tolerate. 

Finally, of course, there are cost considerations. Well planned, systematic, 
large-scale examinations of social interventions are expensive. So, in the 
interests of providing suggestions for research that are feasible, we have 
tempered our desire for the optimum by recognizing social, political and 
budgetary constraints. 

Reporting the Results > ^ 

The review of research is reported in six chapters, each focused on a major 
topic. Within the chapters the description of studies and discussion is 
organized around questions that are germane to the subject. (See Figure 1.) 
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Chapter I. The School Nutrition Progr ams-Legislation. Organization ,nrt 
°P eration - Provides '.he descriptive context for the studies that are reviewed 
m subsequent chapters. First, a history of the enabling legislation us 
presented. Then information is provided on the organizational structure and 
operati >s of the programs. The information presented in this chapter is 
based on a variety of materials available in published documents-Federal 
legislation, Food and Nutrition Service (FNS) regulations, summaries of 
Congressional hearings and legislative histories, and periodic reports 
submitted to FNS by the states and regions. Interviews with FNS personnel 
helped supplement and clarify these mater als. 

As can be seen from the above list of information sources-which does not 
include any field studies-th? orientation of this chapter is prescriptive, 
focusing or. how the programs are supposed to operate rather than on how they 
actually operate. It would be interest!^ to have a compiomentary chapter 
that showed how actual operations Aviate from prescribed ones, and early in 
the review process, we planned to include such an analysis. This task was 
abandoned, however, when we found that although there are many studies of 
p/ograra operations, they are almost all concerned with a limited set of 
operations in a single location. Consequently, it appeared that „e would be 
spending a lot of resources to learn little more than that a need exists for 
a systematic study of program operations. Moreover, wnile of considerable 
interest, an extensive review of the research that has looked at program 
operations 13 somewhat tangential to the major emphases of this review: 
program effects and targeting of program benefits. 

While the primary focus of Chapter I is on how the programs are supposed to 
operate, other chapters in the report refer to actual program operations. 
For example, the effects of participation in the programs on operations at 
the school and district levels are examined m Chapter IV, and Chapter V 
provides some information on various program operations in the context of 
program targeting. 
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Chapter II, Methods for Assessing the Nutritional Status of Children 



provides information for studies of pr6grara effects. In order to do a study 
of program effects on the nutritional status of children, it is necessary to 
select one or more criterion variable3. Measures of nutritional status were 
used in all of .the studies of effects ^oF^he --programs on children that are 
reviewed in Chapter IV of this report; however, the tradeoffs considered in 
fleeting the measures and the strengths and weaknesses of the ones finally 
selected are s,eldom discussed in the reports. Chapter II provides an 
analysis of the strengths and weaknesses of nutritional measures that will 
help the reader to understand why certain measures were selected in the 
reported studies, how these measures are generally used, and what limitations 
of the measures must be considered in evaluating the studies* results. In 
addition to helping interpret the results of past research, the evaluation of 
methods provided in Chapter II should be very useful to planners of future 
studies. Prior to this review no published comprehensive' guide has been 
available for selecting the nutritional status measuresl to be used in 
large-scale surveys of school-age phildren. Chapter II describes the 
dietary, biochemical, and anthropometric measures that have been used to 
assess nutritional status, the field procedures that ^ace^ required for 
collecting data, and the particular conditions for which each treasure is most 
useful* Studies are reviewed that have tried to assess^ the validity and 
reliability of the measures. And finally, the various kinds of measures are 
compared on the basis of four criteria: neiiability , validity, cooperation 
of subjects, and feasibility/cost. 

Chapter III. The Nutritional Status of School-Ag6\ Children is also a 
resource for understanding the evaluative research reviewed in Chapters IV 
arid V in this document, and for guiding future research, particularly in the 
area of targeting. In this chapter, we review studies that used one or more 
of the measures described in Chapter II to identify nutrition-related 
problems in American school-age children. Critical features of each study 
are described, including sample characteristics, selected measures, analysis 
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procedures, and results. The review examines discrepant findings and tries 
to explain" the differences that were foond. One important thrust"* of" the 
review is to determine if particular! nutritional , problems are found with- 
greater frequency than expected in particular socioeconomic groups. This is 
critical for the targeting of benefits, since it is often assumed that poor 
children are at the greatest nutritional risk, and that i**school meals are 
offered at free and reduced prices, they are mope likely, to participate in 
the programs. 



Chapter IV. — Effects of . the , School Nutrition Programs on Students, Families. 
Schools and Districts describes the few large , and several smaller studies 
that have investigated the impact of the school nutrition programs.* Most of 
these studies are concerned with program effects on participating children. 
Relatively few studies have looked at the impact on families, and even fewer 
have tried to determine the effects of program participation on schools and 
districts. Much of the review in Chapter IV is concerned with an analysis of 
the methodologies used in the reported studies, with particular attention to 
sampling, design, and analysis. 

Studies that examined program impact on students have investigated effects on 
nutritional status (as measured by one or more of the indicators described in 
Chapter II). In addition, some of the studies investigated effects on school 
performance and on behavior as measured by teacher ratings, grades and test 
scores. Several studies investigated milk consumption in relation to 
participation in the school nutrition programs, lactose ano" milk intolerance, 
,and the type of milk offered. This topic was included for review because of 
the possibility that milk may make the greatest single contribution to the 
nutrient value of the school meals. 

Studies of effects on families concern the effects of participation on 
food-related behaviors—food expenditure, food consumption, and interaction 
among family members— that is associated with eating together. 
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As mentioned above, little has been reported about program effects on schools 
and districts. In particular we were interested in finding stud-'ss that 
looked at the effects of changes in the level of federal subsidization 'on 
institutional participation and the quality of the food service, but we were 
unable to identify studies of this kind. We did find many studies that 
examined the effects of operational and procedural variations on' costs and 
food quality. A few of these studies are reviewed to illustrate the types of 
research that have been done on this topic. While these studies don't answer 
"the question of how the programs affect schools and districts, the 
examination of operational practices that will lead to greater 
cost-effectiveness in delivering the school nutrition services is also of 
interest. 

Chapter V. Targeting of Program Benefits reviews two aspects of targeting: 
The first examines how the school nutrition program benefits are targeted, 
with emphasis on the effectiveness of using family size/income criteria to 
obtain the participation of children at greatest nutritional risk.Xlncluded 



in this first approach are studies that examine the extent to which Vamilies 
who participate in the -school nutrition programs also participate in othfer 
federal assistance programs, such as food stamps and Aid to Families with 
Dependent Children. 

The second approach to targeting examines the correspondence between the 
nutritional needs of school-age children and the programs' nutritional 
benefits. In Chapter III, as described above/ studies that try to identify 
nutrition-related problems of school-age children are reviewed with special 
emphasis on problems that are more likely to be found in particular 
socioeconomic groups. That discussion of the nutritional needs of school-age 
children, and of the nutrition-related problems that have been identified, is 
used to help assess the findings of studies on the nutrient content of school 
meals reviewed in Chapter V. 
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One aspect of the second ? approach to targeting that is particularly 
interesting concerns progrfVesponsiveness--the extent to which the programs 
can oe modified as . new information becomes available on nutritional needs and 
on the factors that affVU participation. Chapter V examines this aspect of 
targeting with a review of recent changes to the programs which were 
instituted by USDA to make the targeting of benefits more appropriate to the 
needs of school children. " 

Chapter VI , Information Requirements summarizes what is known about the 

school nutrition programs, what is not known, and what kinds of research are * 
needed to provide a more" complete picture of program effects and the 
appropriateness of program targeting. The chapter synthesizes the high 
points of the critical reviews contained in the preceding chapters and draws 
conclusions regarding the types of research that should be undertaken. 

Some of the requirements for future research are already being met in the 
National Evaluation of the School Nutrition Programs (NESNP). As will be 
recalled from our earlier discussion, one objective of this review of 
research was to guide the design for primary data collection and analysis in 
the NESNP. Chapter VI highlights design decisions that were made in 
sampling, in the selection of nutritional status measures, and in the plans 
for analysis, in direct response to the findings of this review. 



SUGGESTIONS FOR THE READER 



The review of research presented here is comprehensive, detailed, and 
voluminous. It is unlikely that most readers will have the ' need or the J 
patience to examine the whole report assiduously. Many readers will want to /C/ 
use this report as a resource for identifying the studies and findings that 
are related to particular aspects of the school nutrition programs. For this 
reason, we have provided a reference list that includes all studies that were 
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^examined, whether or not they are referred to in this report. The review 
provides a number of signposts to help readers easily find the discussions in 
which they are interested. Also, summary information is provided throughout 
the report. 

The general topics, major questions, and subquestions that are addressed in 
each chapter are shown in Figure 1. This should help guide the reader to 
topics of interest. Each chapter in the report begins with a summary of the- 
answers to the questions that are addressed in that chapter. The final 
chapter of the report, Chapter VI,. highlights the major gaps in our 
information that were disclosed by this review of research. 
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SUMMARY OF CHAPTER I. THE SCHOOL NUTRITION PROGRAMS — LEGISLATION , 

ORGANIZATION AND OPERATION 



This chapter provides a general description of the operations of the three 
school nutrition programs: The National School Lunch Program (NSLP), the 
..School Breakfast Program (SBP), and "the Special Milk Program (SMP). The 
State Administrative Expense (SAE) and Food Service Equipment Assistance 

"(FSEA) programs are also discussed. Information presented here has been 
drawn from a variety of sources including purrent legislation/ program 
regulations, v legislative histories, Congressional summaries, program data, (j 
relevant literature, and interviews vith the 'program staff. The programs are 
described as they are intended to operate; «*the discussion does not address 
the extent to which the actual implementation of the programs differs from 
the legislative . and regulatory intent. The major legislative trends that 
"have influenced the operation of the programs are discussed and the current 
programs are summarized in terms of specific issues. The following research 

^question guided the review: j 

BOW ARE THE SCHOOL NUTRITION PROGRAMS DESIGNED TO OPERATE ? * 

This question has been further particularized in several subquestions. The 
subquestions are presented below along with a summary of findings: 

A. What Major Legislation Has Influenced the Operation of the Programs ? 

Throughout the 1930s, the federal government purchased farm commodities for 
distribution to schools as a means of absorbing farm surpluses and supporting 
agricultural incomes. The practice was formalized with the passage of the 
National Schqol Lunch Act in 1946. The Act authorized financial assistance 
to public anc( private schools operating non-profit lunch programs. Thus, the 
, goals of the lunch program were: (1) to distribute surplus commodities and 
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support farm income; and (2) to safeguard the health of school children. 
With the passage of tKe Child Nutrition Act of 1966 several changes were 
introduced into the program. Initially, both the breakfast and milk programs 
were authorized only on a preliminary basis, but subsequently received 
permanent authorization. The Child Nutrition Act also strengthened the lunch 
.program by authorizing funds for the Non-Food Assistance program and by 
initiating the' State Administrative Expense program. The programs continued 
to expand through the mid-1970s. Uniform national eligibility guidelines for 
free and j*edjjaed»ftrice meals were introduced in 1970, so that more children 
in- need of the program, as newly defined by economic criteria, would receive 
meals. Provisions were made£ for semi-annual adjustments of the reimbursement 
rates. jk 



In ^recent years, improved .management, and fiscal austerity have been 
emphasized in most federal programs. I The Assessment, Improvement, and 
Monitoring System (AIMS, 1 }*" was introduced to improve control over federal 
expenditures for the nutrition programs. The programs are currently faced 
with demands for control of spending and increased accountability to Congress. 

B ' ftfoat Are the Functi ons and Responsibilities of Federal, State and Local 
Agencies ? 

At the national level, the Secretary of Agriculture, under statute, 
administers the school nutrition programs.. This authority, in turn, has been 
delegated to USDA's Food" and NMrition Service (FNS) which assumes the 
overall administration of the Digrams. FNS establishes program policies, 
implements legislation, and prt&vides funds to states. The School Programs 
Division (SPD) of FNS manages /the programs with support from several other 
FNS offices and USDA agencies. The Food and Nutrition Service and the School 
Programs Division • comply with requests for program information from other 
federal agencies such as the General Accounting Office (GAC^ and the Office 
of Management and Budget (0MB) . 



20 

33 



At the regional level, FNS Regional Offices (FNSROs) provide technical 
assistance yto the state agencies (SAs), monitor the state agencies by 
conducting^ Management Evaluations, and directly administer the programs in 
some private schools. Th* regional Slices also review annual state plans. 
The state agencies administer the programs within the states and monitor the 
performance of school food authorities (SFAs). The state agencies provide 
supervisory assistance to SFAs in technical areas as needed^and establish 
record-keeping and reimbursement systems. SAs are also responsible for 
preparing the annual state plan and submitting the plan to FNS for approval. 
School, food authorities, usually at the school district level, are 
responsible for the administration of the program in one or more schools and 
have the legal authority to operate a school feeding program. SFAs 
administer the programs at the school level typically by purchasing food, 
accepting donated commodities, maintaining the necessary food service 
facilities, approving eligible students for free and reduced-price meals, 
maintaining financial records, and monitoring school food service 
operations. Finally, the schools are primarily responsible both for 
preparing and serving food to children and for establishing a system that 
prevents children who receive free or reduced-price meals from being 
identified by their peers. 

C. How Are the Pr ogams Funded ? 

Federal payments to schools for the NSLP, SBP, and SMP are provided by means 
of performance funding. Under lunch and breakfast programs, school food 
authorities earn a basic payment for every meal served to children and an 
additional payment for meals served to children who are eligible for free or 
reduced-price meals. A similar payment structure operates for the milk 
program: school food authorities earn a standard payment for each half-pint 
of milk served to paying children, while the full cost of the milk is 
reimbursed for all children who are eligible to receive free milk. 
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The annual value of donated commodities to be distributed to states is based 
on the number of meals served during the previous school year. States 
responsible for distributing the commodities to SFAs; SFAs, in turn, may 
choose the commodities they will receive* State Administrative Expense (SAE) 
funds are allocated to states f^r their expenses such as salaries, fringe 
benefits, training and supplies. Food Service Equipment Assistance funds, 
also> are awarded to states, and states, in turn, use these funds to assist 
SFAs in purchasing equipment. 

D * ftfoat Are the Reporting Requi rements Between Federal, State and Local 
Agencies ? 

Program data are collected at the school and SFA level and are subsequently 
reported in various formats to the state. Schools provide information on 
■student payments, the number of meals served by price category and costs 
associated with meal production. Thes<? are furnished to the SFA, where the 
data are used to prepare reimbursement claims and other reports. For the 
months of October and March, additional information such as enrollment, 
attendance and free and reduced-price meal eligibility and approvW status 
are collected and reported by the SFAs. Reimbursement claims and other 
reports are sent to the states where the data are summarized on standard USDA 
forms. Reports are generally submitted to the^fNS Regional Offices. At the 
national level, the data are reviewed for trends and are used for program 
management purposes. 

B. What Monitoring and Evaluation Activities Occu r? 

There are currently five monitoring and evaluation activities for the 
program: Management Evaluations (MEs), audits, supervisory assistance, the 
Assessment, Improvement and Monitoring System (AIMS), and program evaluation 
research. Management Evaluations are conducted annually by the regional 
offices; they are designed to assess state performance in administering the 

m 

programs by examining operations at the state, SFA and school levels. The 
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MEs compare program activities at these levels with the objectives outlined 
in the state plan. Specific evaluation guidelines are developed annually by 
FNS and have recently focused on policies concerning free and reduced-price 
eligibility criteria, reimbursement methods, and nutritional issues* ME 
reports are transmitted to the national office by the regional offices* 

Two types of audits are conducted: (1) USDA, Office of the Inspector General 
(OIG), conducts audits annually that generally cover all regions, one-third 
of the states, and an aopropriate sample of SFAs (the size of the sample is 
determined annually by OIG); and (2) in addition, OMB requires that audits be 
conducted within all SFAs every two years by state or outside auditors. 
Findings are reviewed at the federal level. Supervisory assistance is 
provided by state agencies to SFAs ahd schools as needed. States include a 
plan for supervisory assistance in the annual state plan and outline the 
technical areas where such assistance may be required. Visits to SFAs and 
schools allow states to provide assistance in assuring compliance with 
federal regulations and guidelines. 

USDA has recently implemented the Assessment, Improvement, and Monitoring 
System (AIMS), which requires the states to monitor SFAs and schools in terms 
of five specified performance standards. Finally, FNS also performs 
evaluations of its programs, demonstrations, and pilot projects. 

F • What Functions Related to Food Procurement Occur at the Various Levels ? 

Food for use in the programs is acquired either through donation of 
commodities or direct open-market purchase. Commodities are bought at the 
federal level and are allocated to states on the basis of the number of meals 
served during the previous year. The federal ^government arranges for the 
delivery of commodities to state warehouses or delivery points. The state 
may then store or process the food, or arrange for immediate transport to 
SFAs. Some states arrange for processing to increase the acceptance of 
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particular commodities by the SFAs. The SFAs may refuse the offered 

commodities, but the states are under no obligation to replace refused 

commodities. Except for donated commodities, most food is purchased by local 
SFAs or individual participating schools. 

G - What Outreach Functions Are Performed ? 

FNS has used program outreach efforts to expand the numbers of both schools 
and children participating in the school nutrition programs, with special 
emphasis on providing program benefits to needy children. At the national 
and regional levels, FNS conducts public information activities to assist the 
tates in their outreach efforts. 

The state agencies attempt to increase participation in the lunch and 
breakfast programs through outreach activities such as sending program 
materials and information to nonpar ticipating schools, and visiting targeted 
schools". SFAs encourage children eligible for free and reduced-price status 
to participate by sending the eligibility criteria to parents and to the 
local media. 

H. Do the Programs Operate Differently in. Private Schools Than They Do in 
Public Schools ? 

With regard to school nutrition ..ograms, private schools differ from public 
schools in only one major way: in those few states where law prohibits state 
agency involvement with private schools, the programs are administered 
directly by the FNS regional office. In such states, the private schools 
report to the regional offices, and the regional offices prepare annual plans 
for the private schools. The distribution of donated commodities, however, 
is handled by the appropriate state agency for these schools. In all other 
states, private school programs are administered by the state agency in a 
manner similar to that for public schools. 
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J - H <** Man y Students and Schools Participate in the Programs ? 

Participation is-^iefined by FNS in two ways: (1) the number of schools 
operating programs, and (2) the average number of meals served under the 
programs. School participation in the lunch program has been increasing 
steadily in recent years, from 75 percent of schools in 1972 to about 88 
percent in 1975. Preliminary program data for 1978-1979 indicate that about 
94 percent of public schools participated in the lunch program, and that 
within participating schools, lunches were served to about 60-62 percent of 
the average daily attendance. For the same school year, about 26 percent of 
all schools participated in the breakfast program, and breakfasts were served / 
to about 22-23 percent of the average" daily attendance in those schools. The^ 
Special Milk Program operates in over 80 percent of schools, and serves an 
estimated 10 million hclf-pints of milk daily. In almost all cases," the milk 
program exists in schools that also have the lunch program. Participation 
rates in the programs have continued to rise in recent years despite 
declining school enrollments. 

Table I-Jl highlights the major functions and responsibilities that are 
discussreo^in this summary. 




Table 1-1. Major Program Functions at the Various Levels* 
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Program 1 Functional 
L«val | rWsponafoift** 

1) EstaOSsha, pofey and 
develops regulations 

I 2) MonHors performance 

i 

T II Uetson wrth etetes 

2) Provides assistance to 



FNS 

(Waihlog 

ton) 



FNS 

Regional 
Office 

(FNSRO) J etate ogencies 

j 3) Monitors stetsrtgenctee 

I *) Administers programs in 
non -pvbhc schools. 



I ^ 

jftsts j V frovktes is»ist»nca to 
Agency , SFAs, 
ISAI 

2) Monitors perfor m a nce H 
SFA level 



! School 

Food 
^Authority 

! 7 



11 AAninliiin program* at 
school level 

2) Procure*, stores, and 
transports food. 

3) Announces free and 
rsduced-pric* oNgiottty 
criteria, reviews 
eppAcatlon*, and 
determines e*gft>Wty. 




21 Prevents ovan 
identification of free 
and reduced price 



e*o«bies . 

rT75 rtfired 



Reporting Responsibilities/ 
Fundi Flow 



1) Reviews raport forms ■ FNS47. FNS10 
FNS 13. and Sr'289 

21 Authorizes U.S Treasury to make funds 
avNiebte 



Monitoring 
Responsibilities 



1) Resolvas audits 
! 2) Reviews Management Evaluations 



1 1 Reviews and edits reports prepared by stete 
egenciee . FNS47. FNSlO. FNS 13 and 
SF269. authorise* Federal Reserve Bank to 
Issue lettet of Credit. 

2) Reviews FN5806 reported directly to FNSRO 
by non public schoots/SFA: authorises U.S. 
Treasury to issue Treaeury c hack a for non- 
public SFAs that are adminittered by tha 
FNSRO. (This applies onry to those non-public 
schoole administered directty by the FNSRO. 
ell non-public schools administered by the 
state agency repot as ebova. saa number II. 



1), Reporte number of mash served monthrv 
yes wed es the number of perttcipating ' 
/ schools and enrolment twice annually to 
FNSRO IFNSIOi. 

2J Reporte revenues and costs annually to 
FNSRO (FNS13) 

3J Reports expenditures by programs ot'erterly 
to FNSRO (SF269) 

41 Reports annually the number of perttcipating 
end non-participating schools to FNSRO 
IFNS47I. 

5) Draws on Latter of Cradit from Federel 
Reserve Bank 

6) Reports use of funds to FNSRO ISF183) 

1) Reports number.of meets aervad to SA 

2} Raports cost date to SA 

31 Reporte numb*, of schools participating | n 
each program tt SA 

4) Rsporte enrolment date to SA 

6) Reporte number of eftgibles to SA 

61 Submits reimbursement voucha' to SA. 
receh/ae reimbursement a from tha SA 

7) For non pubic schools edmbustered by tha 
FNSRO, costs, income, end participation date 1 
are reported directly to FNSRO (FNS806) 
IAN non pubac schools administered by the SA 
— ebova. sea numbers 1 through 6 I 



II Conducts Manegement Evaluations 
of tha stete sgencias annually 

21 Reviews audits of the SA which 
ere conducted by tha Office of tha 
Inspector Generel S 

31 Reviews eri approves stete plans 

41 Motors program s in non-pubkc 
schools 



II Reviews and essessss parformence 
of SFA 

! 21 Implemant AIMS: this is a uniform 
i reportktg systam to be used by 
I SFAs 



i II Assures that participation and 
cost date are collected 

2) Monitors schools (at tha option of 
each SFA } 



1) Colects data on meets served for SFA 

21 Collects data on student meal perme.it for 
SFA 

31 Collects frae and reduce'*. price eppPcetions 
from parents for SFA 
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CHAPTER I. THE SCHOOL NUTRITION PROGRAMS — LEGISLATION . 
O RGANIZATION AND OP ERATION 

— ■ - 

Kathryn Nelson 



INTRODUCTION 

This chapter describes the operations of the school nutrition programs: 
National School Lunch Program (NSLP), School Breakfast Program (SBP), and the 
Special Milk Program (SMP). The purpose and use of State Administrative 
Expense funds and Food Service Equipment Assistance funds are also examined. 
The major pieces of legislation that have affected the p ■ograms are 
summarized, and the various functions and responsibilities of the different 
program levels— i.e., federal at the national and regional levels, state, 
school food authority (SFA), and school— are discussed.* The information 
presented here is based on primary references, such as the legislation and 
regulations, in order to draw a picture of the programs as they should 
operate. Summaries of Congressional activities and legislative histories of 
the program were also reviewed. Furthermore; in order to understand program 
subtleties, current program information pertinent to the issues discussed in 
this chapter was collected in interviews with FNS staff in regional offices 
and in Washington. Additional information was provided by staff from state 
agencies and School Food Authorities (SFAs). Special reports and studies are 
referenced in this chapter only to supplement the information provided by FNS. 

The following sections describe the programs as they are mandated to operate 
by legislation, regulations, and guidelines. The extent to which the 
implementation of the programs differs from their mandates is not addressed 
here. Various program functions, responsibilities and procedures are 
outlined, but this discussion should not be interpreted to mean that the 



•Since this review was written, numerous changes in the school nutrition 
programs have been made as a result of the Omnibus Budget Reconciliation Act 
of 1981 (PL 97-35). Provisions of the Act that affect the school nutrition 
programs are shown in Appendix A, Volume 2, page 649. 
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programs are actually operating to the full extent implied in the law and 
related regulations, nor does it mean that sufficient staff are available to 
implement the intended functions fully. This discussion describes the 
programs as they appear in legislation, regulations- , and guidelines, and will 
serve as a baseline for comparison with empirical data that are being 
collected in the Pood Administrator Survey of the National Evaluation of 
School Nutrition Programs, 

This chapter is intended to answer the following research question: 

HOW ARE THE SCHOOL NUTRITION PROGRAMS DESIGNED TO OPERATE ? 

k 

In order to answer this broad question, .more specifically focused questions 
were generated to guide our review: 

A - What Major Legislation Has Influenced the Operation of the Programs ? 

B * what Are the Functions and Responsibilities of Federal, State and Local 
Agencies ? 

C. Hew Are the Programs Funded ? 

D. What Are the Reporting Requirements Between Federal, State and Local 
Agencies ? 

E • What Monitoring and Evaluation Activities Occur ? 

\ 

F - What Functions Related to Food Procurement Occur at the Various Levels ? 
G. What Outreach Functions Are Performed ? 

H - So the Programs Operate Differently in Private Schools Than They Do in 
Public Schools? 
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I. How Many Students and Schools Participate in the Programs ? 

The ensuing ^discussion presents findings from the review that address these 
questions. 

A. What Major Legislation Has Influenced the Operation of the Programs ? 

The federal government ha3 had a long history of involvement in nutrition in 
the schools; such intervention has been legislatively authorized since 1935. 
(See Table 1-2 for a summary of ihe major legislation affecting the school 
nutrition programs.) The federal government began donating surplus food for 
use in 4 elementary and secondary schools during the 1930s as a way of 
absorbing surplus farm commodities, increasing farm incomes, and bringing 
nutritious meals to needy children* In 1935, funds were authorized under 
Section 32 of PL 74-320, the Agricultural Adjustment Act, specifying that up 
to 30 percent of the U.S. Customs' receipts be allocated to the Secretary of 
Agriculture for various purposes, including the encouragement of domestic 
consumption and the reestablishment of. farmers' purchasing power- Section 32 
thus became the first authorization for the use of federal funds for food 
donations to schools. 

During the 1930s and early 1940s the purchase ' and distribution of surplus* 
commodities was expanded, but the major step in formalizing locally-initiated 
school food service was the passage of the National School Lunch Act of 1946 
(PL 79-396). As a result of this law, the Consumer and Marketing Service, a 
predecessor agency to the Food and Nutrition Service, was authorized to begin 
the National School Lunch Program (NSLP). Two major objectives of PL 79-396 
were (1) to safeguard children's health by providing them with nutritious 
foods, and (2) to support farm incomes by increasing food consumption. The 
first goal of safeguarding children's health has been addressed by offering 
nutritious food during the school day. To attain this goal, the National 
School Lunch Program, under the supervision of the Secretary of Agriculture, 
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Table 


i ' 

1-2. Major Legislation Affecting the School Nutrition Programs 










/ 






DATE 


LEGISLATION 


SYNOPSIS 






1935 


Agricultural Adjustment Act 
(PL 74-320) 

* 


Authorized the use of 
Customs 1 receipts to pur- 
chase farm surplus com- 
modities and to donate 
such commodities to 
schools. 






1946 ' 


National School Lunch Act 
(PL 79-396) 


Established national 
program which "formalized 
locally-initiated school 7 
food service programs. 




• 


195H 


Agricultural Act of 195^ ✓ 
(PL 83-690) / 


jr 

Authorized annual 

appropriation to encour- « 

age consumption of fluid ) 

milk .in schools. 






1966 


Child Nutrition Act 
(PL 89-61*2) 

*■ • 


Initiated the breakfast 
and milk programs and 
strengthened the lunch 
program by providing 
non-food assistance funds 
and the state administra- 
tive expense program. 






1970 


Amendments to the National 
School Lunch Act (PL 91-248) ' 


Established uniform 
national eligibility 
guidelines for free and 
reduced-price meals. 






1971 • . 


Amendments to the National 
School Lunch' Act (PL 92-32) 


Broadened the selection 
criteria for schools 
/ receiving funds to 
initiate the breakfast 
program. 






1972 


Amendments to the National 
School Lunch Act (PL 92-^33) 

« 

30 

* 


Extended the breakfast 
program for three years 
and made it available to 
all schools requesting it. 
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Table 1-2. Major Legislation 
(Cont'd) 



ffecting the School Nutrition Programs 



/ 

V. 



DATE 
1973 

1975 



1977 



1978 



LEGISLATION 

Amendments to the National 
School Lunch Act (PL 93-150) 



Amendments to the National 
School Lunch Act (PL 94-105 ) 



Amendments to the National 
School Lunch Act (PL 95-166) 



Amendments to the National 
School Lunch Afct (PL 95-627) 



SYNOPSIS 

Established minimum re- 
imbursement rates to be 
adjusted semiannually. 

Made permanent the 
breakfast program; 
broadened eligibility 
criteria for reduced- 
price meal st ^introduced 
the Type A offer-versus- 
serve lunch. 

Authorized the Nutrition 
Education and Training 
Program; revised the 
formula for state admin- 
istrative expenses. ^ 

Authorized the use of 
funds for AIMS; estab- % 
lished the eligibility * 
criteria for free 
lunches; eliminated 
separate cost accounting 
procedures for breakfast 
and lunch programs; 
increased fSEA funds; and 
broadened definition of 
especially needy schools. 
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provided financial aid to public and private schools that operated non-profit 
lunch programs. Meals were designed to meet specified nutritional 
requirements. • They we're \ade available to children in participating sctools, 
and were offered free- or at reduced prices to children from families 
determined to be in need by local school authorities. 

.In the Agricultural Act of 1954 (PL 83-690), consumption of fluid milk in 
schools was^encouraged by a permanent Annual. < appropriat ion to /the Commodity 
Credit Corporation, which distributed commodities to' states for 
redistribution to schools. - 

Apportionments for the states were based on the number of school-age children 
^n each state and on the state's need for assistance; the latter figure being 
derived from the relation of the per capita income in the U.S. to the per 
capita income in the state. In 1962 this formula was amended so that funds 
were apportioned to states based on the number of children who participated 
in the program during the previous year and the state's need for assistance. 
Special cash ' assistance , in addition to the basic federal payments, was 
authorized for schools that drew their attendance from low-income areas, 
although funds were not made available until 1966. % 

I 

The Chi^ld Nutrition Act (PL 89-642) was passed by Congress in 1966 to expand 
and strengthen rood service programs for children. This occurred, at a time 
when legislative and public attention focused on the improvement and 
expansion of many social programs. The Breakfast and Special Milk programs 
were formally authorized under this legislation, and the administration of 
the lunch program was strengthened by the authorization of non-food equipment 
funds as well as funds for state administrative expenses. 

The 1966 legislation also initiated a pilot school breakfast program, which 
provided states with funds for the development of the program. The breakfast 
program was modeled after the lunch program, with one major distinction: tfle 
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program was primarily directed to poor areas and to schools where children 
had to travel long distances. In addition, the. Child Nutrition Act formally 
recognized and extended until 1970 the Special Milk Program, which had been 
in existence in various forms since 1954. ^ 

To strengthen the lunch program, the Child Nutrition Act legislated a 
permanent authorization for the Non-Food Assistance Program. This program 
was first authorized and funded under the National School Lunch Act of 1946, 
but no additional funds were appropriated between 1946 and the Child 
Nutrition Act of 1966. The Child Nutrition Act was intended to provide 
- financial assistance to public and non-profit schools in poor areas so that 
they could acquire the equipment needed to store, transport, prepare and 
provide food to children served by the school lunch program. The Act also 
authorized federal payment to .state agencies for their administrative and 
supervisory expenses in implementing school nutrition programs and giving 
technical assistance to school districts; however, such funds' were not 
appropriated until 1969. The Child Nutrition Act directed that all federal 
school food programs be administered by the Secretary of Agriculture, who 
would be responsible for the conduct, supervision, and expansion of these 
programs. Thus, programs administered by the Department of Agriculture 
becane a fundamental instrument for offering nutritious meals to all 
children, with some benefits targeted specifically to needy children. 



: 



The decade of the seventies was a time of rapid expansion for all of the 
programs, with Congressional legislation providing .the impetus for this 
growth. Not only did the number of schools administering the programs 
increase, but increasing numbers- of children participated in the programs, 
particularly the children of the poor families, to whom benefits were 
specifically targeted. 

In 1970, Congress directed the Secretary of Agriculture in PL 91-248 to 
establish uniform national guidelines to determine eligibility for free and 
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I 

reduced-price meals. These guidelines replaced the widely varying local 
definitions of "needy" families. Eligibility standards for the schooL 
programs were set according to family size and income, and schools were 
required to announce publicly the eligibility requirements for these programs 
at the beginning of each school year. j 

The School^ Breakfast Program wa3- another focal point of USDA's expansion 
efforts throughout the 1970s % In 1971 (PL 92-32), the selection of schools 
to receive program funds was expanded so that schools were given priority 
where there was a, special nfeed for improving the nutrition and dietary 
practices of children of working mothers and children from low-income 
families. In 1972 (PL 92-433), the breakfast program was extended for three 
years and was made available to all schools requesting it. The program was 
finally made permanent in VS75 under PL 94-105, and Congress stated that the 
prSgram shoulji be made available in all schools « wh'ere it was needed to 
provide adequate nutrition. 

i 
f 

In 1973, Congress established minimum reimbursement levels for the school 
nutrition programs under PL 93-150; these rates were to be adjusted 
semiannually to account for inflation. Additional funding was provided for 
the Food Service Equipment Assistance Program (formerly the Non-Food 
Assistance Program) and for the State Administrative Expenses. 

The 1975 amendments (PL 94-105) to thfe National School Lunch Act broadened 
the eligibility criteria for reduced-price meals. Eligibility for 
reduced-price meals was set at 1'§5 percent * of income poverty guidelines. 
Consideration of special hardship conditions was also allowed in evaluating 
applications for reduced-price meals. 

i 

At the same time that program coverage was being expanded, efforts were also 
made to improve the quality of the meals served, under the reasoning that if 
meals were more acceptable to children, less food would, be pasted, and 
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children would be encouraged to eat a nutritious diet. Also under PL 9^-105, 
high school students were allowed to choose three of the five meal components 
of the reimbursable meal pattern and still be considered as participants in 
the program (this is commonly referred to as the Type A of fer-versus-serve 
meal). In 1977, the Nutrition Education and Training Program was initiated 
by PL 95-166 to disseminate nutrition information to school-age children and 
to train school food service providers in nutrition and meal service 
planning. This same le xSlation revised the formula for allocating funds for 
s*;ate administrative expenses to the states for such expenses as salaries, 
office equipment and staff training incurred in providing technical and 
supervisory assistance to the school -food authorities. 



More recently, Congress has been concerned with fiscal < aster ity and program 
accountability. In the school nutrition programs, this concern has focused 



procedures. In 1978 (PL 95-627), Congress directed that some of tne 
available State Administrative Expense funds be allocated to states to 
improve management in state administration of the program, i.e., to establish 
better systems for auditing, monitoring and reviewing management procedures. 
The Assessment, Improvement and Monitoring System (AIMS) provides an example 
of how the funds are used. The regulations for AIMS require state agencies 
to identify management and operational problems and institute corrective 
actions. To identify such problems, states must carry out a required number 
of reviews of school food authorities in order to determine if specified 
performance standards are being met. To help state agencies defray the 
additional administrative reporting, record-keeping and personnel costs, AIMS 
regulations provide for the allocation of a specified portion of SAE 
discretionary funds to be used for these expenses. The use of SAE funds to 
ensure greater fiscal responsibility is p^rt of USDA's response to "recent 
studies by the Department's Office of the Inspector General and the General 
Accounting Office that have raised significant questions regarding the 
effectiveness of present school feeding program reimbursement claiming 



attention on developing and improving 




and management 
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procedures, monitoring systems, and corrective action activities" (AIMS, 
Draft Impact Analysis). 

PL 95-627 initiated other changes in the program as well. The legislation 
removed the flexibility of the states to vary the eligibility standards for 
free meals by requiring states to set the standards at 125 percent of the 
Secretary's guidelines. Earlier, in 1975, the eligibility for the 
reduced-price lunch program had been set at 195 percent of the Secretary's 
guidelines. PL 95-627 also increased the equipment assistance funding and 
broadened the definition of especially needy schools that can be awarded 
additional funds by the states. 

A further effort in the direction of greater fiscal responsibility involves 
stricter audit requirements. These requirements for the school nutrition 
programs were modified in 1975-76 to conform with federal management 
circulars issued by the Office of Management and Budget, which require that 
grant programs be audited every two years. Other recent FNS regulations also 
reflect the concern for greater fiscal control over the programs: School 
Food Authority procurement procedures are now required to conform to the 
procurement procedures used by the state agency, and criminal penalties have 
been prescribed for fraud «nd misuse of funds in connection with food 
programs. Increased regulatory controls nave been imposed on food service 
management companies. Such measures indicate an increasing insistence that 
the school nutrition programs be monitored carefully to ensure that the use 
of federal funds conforms to current regulations and laws. 

I 

Discussion 

The legislative history of the school nutrition programs reveals an initial 
concern with providing price support structures for the benefit of the 
agricultural economy. During the period of rapid program expansion in the 
late 1960s and 1970s, the program emphasis shifted to a concern with 
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providing nutritious meals for all of the nation's children with some 
benefits targeted specifically to the needy. Recent legislative and 
regulatory initiatives indicate that fiscal austerity and program 
accountability are areas of current concern. Cost-saving efforts through 
responsible fiscal management such as AIMS will attempt to. monitor more 
closely the expenditure of federal dollars. Further, the school nutrition 
programs have experienced cuts in their reimbursements. Decreases in the 
reimbursement rate for the lunch and milk programs in the FY 1981 budget are 
the first major cuts in the appropriations for the programs. It is likely, 
therefore, that legislation, at least in the near future, will continue to 
reflect Congressional concern with fiscal controls and accountability. 

B> W hat Are the Major Functions and Responsibilities of Federal, State and 

Local Agencies ? 

^$*"*#* 

This section first summarizes the organizational context in which the school 
nutrition programs operate and then discusses thp functions and 
responsibilities of the different program levels: federal (national and 
regio. al), state, school food authority, and the local school. Information 
in this section ,was deri-' 3 from legislation and current regulations, 
meetings with regional . federal FNS staff, Management Evaluation 
guidelines, the Summary of Management Evaluation and Office of Investigation 
Findings for 1979, and other U.S. department of Agriculture documents on the 
various food programs at the SFA and school level. 

The Federal Level 

At the federal level, the Secretary of Agriculture has been given the 
authority under statute to administer tne breakfast, lunch, and irn Ik- 
programs. Wr.iie UJDA is solely responsible for tne overall administration of 
the programs, other federal agencies such as the General Accounting Office 
(GAO;- and the Office of Management and Budget (OMB) may make specific 
requests for program information. OMB may require information for the 
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executive branch, while GAO conducts studies and investigations of particular 
issues for Congress. 'The U.S. Treasury, upon notification from USDA, makes 
program fund;; available to the states through the Regional Reserve Banks. 

Within USDA, the authority to administer the programs has been delegated by 
the Secretary to the Food and Nutrition Service (FNS). The mission of FNS is 
to help combat poverty-related hunger and malnutrition in this country 
through the administration of food .stamps; food distribution programs; school 
lunch, breakfast, and milk programs; child care food programs; and other 
cnild nutrition and special feeding programs. FNS is responsible for 
implsmenting program legislation; establishing regulations, policies, and 
guidelines; monitoring, program performance; and providing program and 
administrative funds to states. Although FNS is responsible for the overall 
administration of the programs, other offices within USDA, which are 
mentioned in this chapter, have very specific responsibilities in regard to 
the school nutrition programs. For example, the Food Safety and Quality 
Service (FSQS), the Agricultural Stabilization and Conservation Service 
(ASCS), and the Commodity Credit Corporation (CCC) participate in the 
selection and purchase of commodities to be donated for use in the school 
nutrition programs. In addition, the Office of the Inspector General (OIG) 
conoucts audits' and investigations of the .programs. These offices are 
illustrated in Figure 1-1, which is an organizational chart of USDA. 

Within FNS, the School Programs Division (SPD), located under the Deputy 
Administrator for Special Nutrition Programs, manages the day-to-da^ 
operations of the school nutrition programs (See Figure 1-2). For example, 
SPD prepares program guidance on specific issues such as defining the focus 
of the management effort. Other FNS divisions that have a role in the 
administration of the programs are also illustrated in Figure 1-2. The 
Nutrition and Technical Services Division (NTSD) provides technical support 
in the area of nutrition to the school programs. The Food Distribution 
Division (FDD) determines the amounts of commodities to be donated nationally 
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in k school year and coordinates the allocation of donated commodities among 
states. The State Financial Control Division and the Accounting and 
Reporting Division monitor, respectively, the states 1 use of the Letters of 
Credit which authorise states to draw on Treasury funds arul the claims 
adjustments filed, by the states. The operations of the seven FNS Regional- 
Offices (FNSROs) are also administered within FNS. The Office of Policy, 
Planning, and Evaluation (OPP&E) is responsible for program development, 
evaluation of FNS programs, and analysis of policy issues related to the 
school nutrition programs. Several of these offices work together 
cooperatively in preparing program guidance and other materials for use by 
states, SFAs, and schools; for example, SPD, OPPE, and NTSD help tc 
establish the nutritional standards for meals, specifying components anc 
quantities to be served. 

Figure 1-3 illustrates the interrelations of the agencies at various levels 
that share responsibility for the school nutrition programs. In addition to 
the national-level offices involved in the administration of t^he programs, 
the regions, states, school food authorities, and schools have important 
roles. Tftese are depicted graphically in the flow chart of functions and 
responsibilities found in Figure 1-3, ,and are outlined in the following text. 

The Regional Level 

The major functions of the Food and Nutrition Service Regional Office (FNSRO) 
are to provide technical assistance to the state agencies, monitor the state 
agencies, and administer programs in private schools where state laws prohibit 
the state agency from doing so. The FNSRO supervises and oversees the 
managerial and administrative .functions of the state agency. It conducts an 
annual Management Evaluation of the performance of the state agency, by 
assessing the program operations and financial management of the school food 
authorities. In performing this task, the FNSRO also examines audit findings, 
past Management Evaluation reports, and supervisory assistance findings 



Hi 

5C 



USOA 







US TREASURY 

I — I 



FNS 



SPECIAL 
NUTRITION 
PROGRAMS 



REGIONAL 
OPERATIONS 



FINANCIAL 
MANAGEMENT 



AUTHOttW FAYMfNI TO f«M AOMWlSUftfO Ht*VATI SCHOOIS 



SCHOOL 
PROGRAMS 

DIVISION 



AUlHOfttfl IfTllft Of CAf OIT ncuA« 1 

r J 

**OVK* MOOftAM n NTOIIMAMCI DATA 



CtAfMS FO* t 
Nf MtMKMSfMfNT 



REGIONAL 

OFFICES 



CfftTlttCATIO* 
Of CUUMS 



authomh/aojusi if tti n of cnou 



SCHOOL FOOD AUTHORITIES 
(REGIONAL OFFICE ADMINISTERED 
NON PROFIT PRIVATE SCHOOLS) 



STATE 
AGENCIES (SAtt 



D«AW DOW* If TTf ft Of CMC OTT (AS Mf f 0CD1 



MY CLAIMS 
AOVAMCfS 



SCHOOL FOOD 
AUTHORITIES 
(SFAj) 



PUBLIC 
SCHOOLS 



PRIVATE 
NON PROFIT 
SCHOOLS 



REGIONAL 
DISBURSEMENT 
OFFICES 



r 



Fi.;ure 1-3. Flow of hinds and Report ing-Sc:hoo 1 Nutrition Progr- 



ams 



9 

ERIC 




(Audits, Management Evaluations, and supervisory assistance are discussed in 
detail in Section E). The FNSRO also reviews and approves the annual state 
plan for child nutrition operations submitted by the state agency. 

The State Level 

The state agency (generally the Department of Education) administers school 
nutrition programs within the 3tate in accordance with federal regulations 
and policies. It also monitors the performance of school food authorities in 
operating the programs. Each year the state pgency prepares a state plan for 
child nutrition operations as a condition for ~ the receipt of federal funds. 
The state plan provides information about program participation, outreach 
needs, and proposed use of program funds, as well as plans for supervisory 
assistance and meeting other program requirements. 

The state agency also is responsible for providing supervisory, technical and 
managerial assistance to school food authorities. State personnel are 
required to work with SFAs and provide supervisory assistance as lieeded. The 
state agency visits participating schools to ^j&R^ure^compliance with 
nutritional and record-keeping requirements. It establishes a financial 



audits, and institutes a system of accounting and reporting for the SFAs. 

The state agency is required to set up a reimbursement system with 
appropriate controls and follow-up procedures so that reimbursements to SFAs 
do not exceed allowable program costs. It also provides for the recovery of 
over-payments to SFAs. The state reviews all contracts between SFAs and food 
service management companies, and conducts on-site reviews of 20 percent of 
these contracts each year as required^ The state agency is also responsible 
for commodity-only schools (i.e., schools that accept commodities but do not 
receive any other federal subsidy) and furnishes information to all SFAs 
about foods in plentiful supply and available donated commodities. The state 




the state conducts financial reviews and 



I 

agency sets up advisory councils "to coordinate the distribution * of 
commodities to local school districts. 

> 

\ 

tfn addition, the state agency is responsible for monitoring the performance 
of \ the school. food authority. The state plan must include a monitoring plan 
that^ indicates how program performance at the SFA level is to ^be monitored, 
and how progress in reaching program goals and objectives is to be measured 
and evaluated.^ The state agency's monitoring of the school food authority is 
designed to exercise j>rogram control so that violations of regulations are 
recorded, tracked, and' corrected. The scope of this monitoring includes, but 
is not restricted to, the review of violations occurring in the following 

areas: free and reduced-price policy, meal patterns, "offer vs. serve," and 

\ j 

financial claims for Reimbursement *ti.e. , claims are not to exceed allowable 
costs and are to be issued only to valid claimants). 

The School Food Authority (District Level) 

A school food authority (SFA) administers the program to ensure that it 

operates in conformance with federal regulations and guidelines such as meal, 

pattern requlations and family size/income guidelines. In the public school' 

domain, SFAs are usually at the district level, and they oversee programs in 

all participating schools in the district. In the private school domain, it 

. i * i 

1^' more common for each school to be an SFA, but sometimes groups of private 

sphools will establish an SFA for the purpose of combining their food service 
functions. 

The critical function of the SFA is to administer school nutrition programs 
at the school level. The SFA is responsible for assuring that the schools 
operate the programs according to the current purposes, regulations and 
guidelines established at the federal level. 

I ' 
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Ih; M , carrying out its functions of administering the "food programs at the 
school level, the SFA has Vour major activities: 1 food procurement and 
service, qualifying eligibles for free and reduced-price meals, financial 
recordkeeping, and monitoring school activities. It is generally the SFA 
that 'purchases food for school use and accepts foods donated by USDA. It 
maintains facilities, for storing, preparing, transporting, and serving food, 
as necessary. It may enter into contracts with food service management 
companies to provide meals. The SFA also announces the free and 
reduced-price eligibility criteria to parents and releases the criteria to 
the local media. The SFA accepts applications and determines eligibility. 
It provides appeal procedures for settling disputes between parents' and 
schools regarding eligibility determinations. The SFA keeps the eligibility 
applications on file so they are available for review by the state agency and 
regional office. 

The SFA must keep accounting and fiscal records, which are made available to 
the state agency and the regional office for audit and review* It prepares 
an annual budget and ensures that the program operates on a non-profit 
basis. It submits claims to the state agency for reimbursement, based on the 

number of meals served. In addition, the SFA monitors the operation of the 

I 

programs in the schools. 
The School Level 

Finally, the school prepares food according to the USDA meal pattern 
guidelines and serves meals to all children. It establishes procedures to 
prevent peer identification of children who participate free or at reduced 
price in the programs. It collects data on meals served and on student 
payments. It collects applications from parents for free and reduced-price 
participation in the programs and forwards them to the school food authority 
for eligibility determination. 
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C How Are the Sc hool Nutrition Prog r ams Funded ? 

The Food and Nutrition Service makes payments to the participating state 
agendes who, in turn, distribute the funds to school food authorities 
operating the nutrition programs in schools within their jurisdictions. The 
amount of, money paid to state agencies depends upon the number of 
reimbursable meals or half-pi** of milk served to PerforRJance 
funding is the mechanism for calculating payments; that is, each meal or milk 
served earns a standard federal payment. Since the requirements for the 
lunch, breakfast, and mil k programs differ> tney wm bg discu33ed 
3eparately. I„ addition to federal funds ^ ^ ^ ^ ^ 

commodities are distributed to SFAs, and special funds for the purchase of 
equipment are available to states. 

Finally, the federal government provides administrative funds for state 
agencies to operate the programs. Each of these funding mechanisms is 
outlined separately in the following discussion. 

School Lunch and Breakfast Prog rams 

Currently the standard federal payment, or reimbursement, rate, for mea ls is 
adjusted semi-annually. The amount of reimbursement per meal is also 
dependent on the price category of the meal served: free, reduced price, or 
full price. All lunches, regardless of price category, receive general 
assistance, or Section 4 funds. For the period July 1 to December 31, 1980, 
state agencies receive Section H assistance amounting to 18.5 cents per 
■neal. However, lunches served free or at a reduced price to eligible 
students receive an additional payment from special a«rtst*«ce, or Section 11 
funds. Free and reduced-pr-ce lunches receive 8 3 .5 and 6 3 .5 cents, 

account for the differenc^ Tin the cost r h r3te iS Set hi * her ' to 

ura ainerence in the cost of producing a meal in that state. 
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respectively, from Section 11 funds. The payment differs because the charge 
to students for reduced-price meals is generally 20 cents. • In addition to 
the federal funds awarded to each state, the states are required to provide 
support to the program under specific matching requirements specified in 
Section 7 of the National School Lunch Act. 

A similar payment mechanism exists for the breakfast program. All breakfasts 
receive a basic reimbursement of 11.75 cents, and free and reduced-price 
breakfasts receive an additional 37.25 and 27.75 cents, respectively. While 
states earn payments based strictly on the number of meals served, SFAs 
receive funds on a per-meal basis where they receive the lesser of (1) the 
rate of reimbursement or (2) the cost of the meal. 

Within the funding structure of the lunch and breakfast programs there are 
provisions for schools to receive more than the average reimbursement rate if 
certain conditions exist. The lunch program "maximum" rates or the breakfast 
program "severe need" rates govern the distribution of additional funds. In 
the lunch program, if a school food authority can justify the need for 
greater federal payments based on high costs, the meals served at the school 
or schools where this exists may receive up to 2H.5 cents for all lunches and 
$1.17 and 97 cents for free and reduced-price lunches, respectively. In the 
case of the breakfast program, if a school is designated by the state agency 
as in severe need, its free and reduced-price breakfasts may receive up to 
62.75 and 57.75 cents per meal, respectively. 



/ 



It could be as low as 10 cents if the entire state chooses to adopt a 
uniform statewide reduced price charge. In that case, Section 11 payments 
for reduced-price lunches would increase by 10 cents, to 73.5 cents. 
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Special Milk Program 

As in the lunch and breakfast programs, states earn federal payments in the 
milk program based on the number of half-pints of milk served in 
participating schools and institutions. Schools and institutions have the 
option of either operating a "pricing" program where an identifiable charge 
for milk is established, or a "nonpriuing" program, where all children are 
served milk with no separately identifiable charge for milk. In nonpricing 
situations, each naif-pint of milk is reimbursed at 8.5 cents. Pricing 
programs may receive either 8.5 cents for all half-pints served, or may 
provide free milk to children eligible for free meals and sell milk to ail 
other children. In the latter instance, reimbursement for free milk is set 
at the average cost per half-pint, and reimbursement for milk sold to 
students is set at 8.5 cents. The federal reimbursement rate is adjusted 
annually; as of September 1, 1980, the rate of reimbursement has been reduced 
to 5 cents in schools that serve the lunch or breakfast program. 

Commodities Distributed in the NSLP r 



For each lunch served, states receive a commodity Entitlement. The initial 
entitlement is based on the number of meals served in the previous school 
year multiplied by the national average value of donated foods. This average 
value is adjusted annually based on the Producers' Price Index of Foods Used 
m Schools and Institutions, which is derived from the Wholesale Price Index. 

Commodities are donated to states on the basis of their entitlement. By May 
15 of each school year, the amounts of commodities actually donated to each 
state are weigned against the entitlement, and the balance due to the states, 
if any, is^ist>^buted as cash in lieu of commodities. That is, USDA must 
determine May 15 if 100 percent of f he total entitlement to states will be 
met in comraoditie^aru*, subsequently, what must be paid out in cash. The law 
states that at feast 75 percent of a state's entitlement must be available in 
donated foods. 
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State Administrative Expense and Food Service Equipment Assistance Programs 



Unlike the other school nutrition programs, both the State Administrative 
Expense (SAE) and the Food Service Equipment Assistance (FSEA) programs are 
formula grant programs. Their funding levels are established in the FNS 
budget authorization, 

SAE funds are awarded to state agencies only and are used for state- level 
operating expenses, including funds for training and materials. The basic 
SAE grant for school nutrition programs is determined as the largest amount 
of one of the following: 

• one percent of the program funds awarded during the second preceding 

year under Sections 4 and 11 of the National School Lunch Act ana 
m 

Sections 3, and 5 of the Chil-d Nutrition Act, 

• $100,000, the minimum award, or 

• not less than the amount awarded in the fiscal ye^r ending September 
30, 1978, 

In addition to the basic grant, FNS makes additional SAE funds available for 
special purposes. For example, in FY 1980 four million dollars m 
discretionary SAE funds were made available for the implementation of the 
Assessment, Improvement and Monitoring System (AIMS), 

The Food Service Equipment Assistance Program (FSEA) assists schools in areas 
with poor economic conditions in the establishment, maintenance and expansion 
of school food programs, FSEA grants are made to states based on two 
formulae for unreserved and reserved funds. Unreserved funds constitute 60 
percent of the national FSEA appropriation and are allocated to states using 
the following formula: 



er|c 
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Number of lunches served in the state 

~ ~~ = State share 

Number of lunches served in all states 



Within states, unreserved funds are allocated on a priority basis to schools 
without food service programs, schools that do not serve both breakfast and 
lunch but will use FSEA funds to initiate either breakfast or lunch, and 
schools without facilites to prepare hot meals on-site. After funds are made 
available to schools that qualify for the priority uses, the remaining funds 
are made available to all other schools. 

Reserved funds constitute the remaining MO percent of appropriated funds, and 
they are distributed to each state agency according to the following formula: 

Number of children in the state in schools 
without food service and in schools moving 
toward the service of the SBP 



Number of children in all states in schools 
without food service and in schools moving 
toward the initiation of the SBP 



State share 



As the formula indicates, reserved funds are used to assist schools without 
food service programs and schools that do not serve breakfast but that will 
use FSEA funds to initiate a breakfast program. Reserved funds are 
reallocated among the states once during the fiscal year; at a later date, 
any remaining reserved funds are reallocated as unreserved funds. 

For both reserved and unreserved funds the state can provide up to 75 percent 
of the equipment costs, and the SFA must provide the remainder of the costs. 
However, in cases where a school that will be the recipient of FSEA funds has 
also been designated as "especially needy" for equipment, the state can 
provide the entire cost of the equipment. 
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These funding formulas are used to prepare the federal operating budget for 
tne school nutrition programs. Table 1-3 illustrates both budget authorities 
and actual obligations for the school nutrition programs in fiscal years 1976 
through 1979. The data were derived from program budget documents. The 
budget authorities represent the Congressional allocation and establish the 
level of funds available to each program. The obligated amounts indicate 
funds actually used under each program on a nationwide basis. In some cases, 
the obligations exceed the budget autnorxty; this is usually because the 
budget autnority figures dc not include unspent carry-over funds from 
previous years that may be obligated by the programs in the current year. 

Tne application of performance funding is the primary mechanism for tne 
allocation of resources by FNS. Although there is some discretion at the 
state ievex concerning the distribution of FSEA funds, performance funding is 
also the major determinant in the reimbursement of SFAs by the states. Tne 
allocation of resources from the federal level to the states and from the 
states to tne SFAs and schools is based primarily on the number of meals or 
half-pints of milk served. 

£. What Are the Repor ting Requirements Between Agencies at Different Lev els? 

This section addresses the reporting requirements/ for tne school nutrition 
programs tt the school, school food authority, state agency, regional and 
national levels. The information presented in this section was derived 
prinar.lv from tne National School Lunch Program Regulations, Pai t 210. At 
the schoo. level, the concern basically is with data collection; at the 
scnooi foci ajtnor.ty ana state agency levels, the focus is on consolidating 
and summarizing tne data in formal reports; at tne regional level, tnese 
reports are edited an^ ^viewed; and at the nationa. level, the repots ar^ 
consolidated and assessed for program performance trends and policy 
imp! 1 cat. r.s . 
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At the school level, meals are served to children on a free, reduced-price or 
full-price basis. Food managers, teachers, or other designated agents 
perform daily counts of meals served and of student* meal payments and 
determine all costs of meal production including food, labor, and other- 
costs. These data are then transmitted to SFAs. \ 

At the 3FA level, data collected from schools are used to prepare 
reimbursement claims and other reports, which are submitted to the state 
agency or to the regional office where applicable. In support of the claim 
for reimbursement, the SFA reports the number of meals served, cost data such 
as food costs, and income data such as the children's payments for meais. 
Additionally, in October and March the SFAs report the number of students 
eligible and the number approved for free and reduced-price meals, the number 
of schools operating the programs, school enrollment, and averge daily 
attendance. In response to its claim for -reimbursement, the SFA receives 
monthly reimbursement from the state agency. Separate reimbursement claims 
may be submitted for each school participating in the programs, or the state 
agency, may authorize the use of a Consolidated Claim for Reimbursement 
whereby the SFA submits a monthly claim for a group of schools. The private 
schools that are directly administered by the regional office report cost, 
income and participation data directly to the regional office on a monthly 
basis. 

Using reports that are received from the SFP *, the state agency organizes 
and summarizes data on standard reporting forms and submits monthly reports 
to the regional office. The monthly report (FNS 10) indicates the number of 
meals served, and the number of children in the state who received free 
meals, reduced-price meals, or full-price meals in the preceding months. 
Based on the data reported in FNS 10 by SFAs in October and March, the state 



•Copies of all reports mentioned here are provided at the end of the chapter. 
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agency reports the number of participating schools and enrollment data (FNS 
47). The state agency reports quarterly to the regional office on 
expenditure* for the various school nutrition programs (SF 269) and, on an 
annual basis, it reports revenues and costs for the different program? (FNS 
13) and the food service status of all schools in the state (FNS 47). Based 
on claims for reimbursements submitted by the various school food 
authorities, the state agency draws on its Letter of Credit with thu U.S. 
Treasury and makes reimbursement payments to SFAs. 

r 

The state agency proposes and implements , subject to the approval of the 
regional office, various plans concerning the school nutrition programs. 
Each year, a state plan for child nutrition operations is prepared that 
details activities to improve and extend program operations. The state agency 
also submits to the regional, office an annual plan for the use of State 
Administrative Expense funds, including a staff formula for state personnel. 
The state coordinator for the Nutrition Education and Training .Program (NETP) 
prepares a comprehensive state plan for education which must be approved 
annually by the regional office. 

In most cases the regional office receives, reviews and edits the various 
reports prepared by the state agencies within its jurisdiction. The " edited 
reports are then submitted to FNS Washington for review. The regional office 
review* the claims for reimbursement received from the private schools that 
are under its administration, certifies these claims to FNS Washington, 
which, in turn, authorizes the U.S. Treasury to make payments directly to 
those private schools. The regional office conducts a Management Evaluation 
(described in the following section) and prepares an annual report on the 
s-tate agencies and SFAs under its jurisdiction. The report summarizes 
problems in the operation , and financial management of the programs • 

FNS m Washington reviews the reports from the regional offices and prepares 
national and regional summaries. These data are analyzed for trends and are 
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subsequently used for program management. Upon receipt and approval of the 
state plans and upon the execution of a federal-state agreement for a school 
year, the U.S. Treasury is notified to issue Letter of Credit authorizations 
to make funds available to the states. * 

£\ What Monitoring and Evaluation Activities Occur ? 

There are currently five monitoring and evaluation functions for the school 

nutrition .programs. These are the Management Evaluations; audits; 

! ' 1 

supervisory assistance; the Assessment, Improvement, and Monitoring System 
(AIMS); and research and evaluation on the operations and impacts of the 
programs . 



The Management Evaluations (MEs)^re conducted by the regional offices 
a. -ually and assess the performance cjf the state agencies in administering 
the school nutrition programs at the school food authority an1 school 
levels. MEs measur^ the extent to which the program objectives outlined in 
the state plans^re attained and provide an assessment of the effectiveness 
of state agency program administration. The regional offices conduct MEs by 
examining operations of the school nutrition .programs at the SFA and school 
levels and by reviewing guidance documents p^pared by the state agency such 
as supervisory assistance, etc. Guidelines for the MEs are drawn up at the 
federal level annually. In recent years, particular issues for assessment 
have been identified in addition to the broader purpose of comparing 
activities to stated objectives. These specific issues have included the 
following: 

a 

f Free and reduced-price meal policy, including reviews of 
application^, .meal counts and reimbursements. 

• Nutrition ppltcy^ -primarily addressing the meal components. 
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• Reimbursement, assuring that reimbursement is limited to allowable 
costs. 

More specific performance standards are aefined from these issues by\ the 
federal office. The performance standards may also be revised annually. 

The regional office uses the prescribed performance standards to guide the 
assessment of the state agencies. To monitor the state's management 
performance, the regional office visits selected SFAs. At the §FA level, the 
appropriate records and information related to the Management Evaluation 
guidance are reviewed. The regional office may also' assess performance in 
areas other than those outlined in the ME guidelines that may be of concern 
i.« a particular state. The findings of the regional office are submitted to 
the state agency for review and comment, and a summary of the findings for 
each state is submitted by the regional offices to the School Programs 
Division of FNS. 

/ 

At the federal level, the state summaries are reviewed and a national summary 

of Management Evaluation findings is prepared. The national summary lists 

✓ 

the /major problem areas that were identified by the MEs, and provides] 
information for identifying weaknesses in the program. The national summary 
f</r 1979 cites the following problems: 

/ ■ 

• Reimbursement Rates— Clarification of state guidance to school food 
authorities, reconciliation of furtds, implementation of cost-based 

! accounting, and revision of forms. Some states had problems with 
procedures to ensure that reimbursement did not exceed the cost of 
the meal. 




• A- 102 Audit Requirement— Inability to achieve two-year audit cycle by 
. end of FY 1979. Included here are states with problems in audit 

resolution, but more states had problems with the biennial audit 
requirement than with audit resolutions. 

• Supervisory Assistance—Supervisory reviews that do not cover or 
inadequately cover major problem areas;* absence of documental ion; 
inadequate follow-up on deficiencies found. 

• Free and Reduced-Price Policy—Inadequate stafce guidance, fiigh error 
rates in approval of SFA policy statements, possible overt 
identification of students, and withholding of meals from children 
losing tickets. 

• Meal Patterns— Deficiencies in the number of meal components and in 
food quantities . 

• School Breakfast Program Expansion— Insufficient efforts or results 
in achieving expansion. 

• Food Service Equipment Assistance — Improper approval process or 
authorization of f unds . , 

• Operating. Balance— Excessive operating balances or difficulties in 
determining balances. 

• Rate assignment— Failure to assign , and vary; rates based upon meal 
cost. 

I 

The national summary includes a further discussion of the problems within 
each region. The regional offices are required to take corrective action on 
the basis of the ME findings. 

The second major monitoring activity currently operating is the system of 
audits. There are two audit requirements which the programs must meet: (I; 
in general, one-third of the state agencies, all regional offices, and a 




sample of school food authorities are audited annuall&by the Office of the 

Inspector General, USDA; and (2) as a result of an 0MB directive (A-102), all 
grantee, agencies, in this case SFAs, must be audited once every two years. 

These biennial audits may be conducted by state or by outside auditors. The 

purpose of both types of audits is to review the financial records of the 

agencies administering the school nutrition programs in order to. verify the 
fiscal management of the programs. 

I 

Findings from state '* and regional audits conducted by . the Office of the 
Inspector General are reviewed by FNS_. Audits of school food authorities are 
reviewed by the regional offices unless extensive fiscal problems are 
identified, in which case the findings a?e also reviewed by FNS in Washington. 

Audit findings are also compiled ' in a national summary, which is released 
together with the ME findings. The major fiscal problems identified for FY 
1979 were the following: 

• Reimbursement rates exceeded per-meal cost. 

• Indirect costs were improperly handled. , 

f 

• Cost-based accounting was ! . not implemented or was improperly 
implemented . 

• Inaccurate fiscal reports were submitted to state agencies. 

• Equipment depreciation was improperly handled. I 

• Free and reduced-price meals were provided to ineligible children. 

• Meal counts were inaccurate. 

• Meal patterns were not met. 

• Adult meals were included for reimbursement. 

• Free and reduced-price recipients were permitted so be overtly 
identified* 
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Some off the findings overlap with those of the Management Evaluations. The 
federal and regional offices share the responsibility for coordinating the 
correction of fiscal problems. , 

» 

Supervisory assistance, which is the third monitoring and evaluation 
function, is provided by state agencies to SFAs and schools as needed. A 
plan for supervisory assistance must be outlined in the state plan each year 
and must include the following components: (1) objectives of the assistance, 
(2) reasons for the selection of those objectives, (3) activities to 
accomplish the objectives, and evaluation to assure the objectives are 

being met. The purpose of this plan for supervisory assistance is to 
establish a method for states to v monitor program performance and provide 
assistance when appropriate. The supervisory assistance carried out under 
the plan includes visits to SFAs and schools to assist in compliance with the 
various federal program regulations. Iq recent years, certain regulatory 
requirements have been identified at the federal level as areas in need 1 of 
additional monitoring. Such areas include fiscal accountability to assure 
that reimbursements do not exceed allowable costs; free and reduced-price 
policy to verify that the number of free and reduced-price meals served do 
not jexceed the number of free and reduced-price jeligibles; meal pattern 
requirements to determine that the appropriate meal components are served; 
and nondiscrimination regulations to ensur£ that Civil Rights requirements 
are met. Supervisory assistance findings are prepared by the state agencies 
arid are reviewed by regional offices during the annual Management Evaluation. 

As a result [of t recent legislative and management concerns, AIMS has been 
implemented by FNS to supplement other monitoring activities. AIMS, the 
fourth monitoring and evaluation activity described here, structures the 
state's review of SFA and school performance activities that are outside the 
scope of the supervisory assistance. Such monitoring was formerly done at 
the discretion of the state agency. The objectives of AIMS are "to analyze 
current school lunch and breakfast program management by states; to monitor 
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.effectively the use of federal funds; and to protect the nutritional 
integrity of meals served under the programs" (AIMS, Proposed Regulations, 
October i 979 ) . 

AIMS refocuses the intent of program monitoring by providing a clearly 
specified set of criteria for states to use in monitoring operations and 
assessing discrepancies associated with program reporting .and reimbursement; 
AIMS also includes a system of corrective action and sanctions to effect 
improvements. The AIMS guidelines define five performance standards for SFAs 
and schools as follows: 

• All applications for free and reduced-price meals must be correctly 
approved or denied. . 

• The numbers of free and reduced-price meals claimed for reimbursement 
in each school must be less than or equal to the number of children 
in that school correctly and currently approved for free and 
reduced-price meals, respectively, times the days of operation for 
the reporting period. 

• The system for counting and recording meal totals for paid, free and 
reduced-price meals claimed for reimbursement at both school food 
authority and school levels must yield correct claims. 

• Meals claimed for reimb cement must contain food components as 
required by regulations. 

• Reimbursement claimed for meals must be limited to allowable costs as 
documented by reviewable records . 

In addition to the systems described above, FNS through its Office of Policy, 
Planning, and Evaluation (OPPE) assesses the efficiency and effectiveness of 
FNS programs, demonstrations, and pilot projects. OPPE also provides 
leadership and technical assistance throughout FNS in the area of program 
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evaluation. The office responds to inquiries about evaluations from agencies 
outside of USDA such as the General Accounting Office and the Office of 
Management and Budget. ^ 

^-a^ t^ Functions Related t o ^^Procure ment Oct>#c dt the Var ious Leve ls? 

The lunch, breakfast, <yid milk programs have a complex food procurement 
system that operates i( a ^riety loV ways. The system begins with the 
acquisition 6f food, * ug&aKy c*#fci u des the processing, storage, and 
transportation of food, and ends with the preparation and delivery* of food to 
children. Many of these major functions in the food system may occur at 
different program levels (national, regional office, state, school food 
autho^it^r (district), or school), and several of the functions can be 
performed in different ways: for exan^le, food can be acquired either through 
donated commodities or throtfg&^irect purchase. It appears that the 
functions of the national ana regional offices are fairly standard with 
regard to ^ commodities , however, at the v state level and below, there are 
diverse functions which are not tied to any me level. This Wetion 
summarizes the roles of agencies at the various program levels in the food 
procurement system,* 



•Unless otherwise indicated, all information in this section is based on 
interviews with school programs staff and with staff of the Food Distribution 
Division, 
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Jhn federal level is directly responsible for the purchase of food, which is 
'subsequently distributed to states, SFAs, and schools as donated 
commodities. Donated commodities represent 20 /jTercejit of all food u^ed by 
schools, whereas the remaining 80 percent of Che food is purchased, usually 
by SFAs, using federal per~meal reimbursements, children's payments, and 
other revenues available td^ the programs. ifeftA has been authorized to 
purchase foods for distribution to schools under five separate legislative 
authorities: Section 32 of the Agricultural Adjustment Act of 1935, Section 
116 of the Agricultural Act of 1919, Sections 6 and 11 of the National School 
Lunch Act of 1916, and Section 709 of the Food and Agriculture Act of 1965. 



\ 



The Commodity Credit Corporation was established in 1933 to provide price 
supports for farmers. When the price support's led to an accumulation of food 
stock, commodity distribution programs were" initiated in 1935 to continue the 
system of price supports and to provide food assistance by distributing 
excess commodities. Section 32 of the Agricultural Adjustment Act of 1935 
provided the first enabling legislation. Under Section 32, USDA is 
authorized to purchase temporary market surpluses of perishable products in 
order to stabilize farm prices. Surplus has been defined as either physical 
(supplies exceeding requirements) or economic (prices below desired levels). 
Section 32 foods generally include fruits, beef, pork, vegetables, canncj and 
frozen poultry, eggs, dry beans and peas. Section . 32 is funded by a 
continuing appropriation of 30 percent of the custom's receipts collected on 
all goods, non-agricultural as well as agricultural, that are imported into 
the country. 

Section 4 16 of the Agricultural Act of 1919 authorized USDA to distribute 
commodities predetermined by Congress and USDA to be eligible for price 
support and to be surplus, and then only when such disposition is necessary 
to prevent waste. The commodities are usually basic items such as wheat, 
corn, nee, barley, oats, peanuts and dairy products. Section 709 authorizes 
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USDA to use funds of the Commodity Credit Corporation to purchase at market 
prices, sufficient supplies of dairy products (other than fluid milk) for any 
school nutrition program. 

» 

The National School Lunch Act of 1946 authorized USDA to provide a broad 
range of commodities to the school nutrition programs under Section 6. Thes$ 
commodities are not limited to ^ice support or surplus restrictions, and it 
has been department policy to^se Section 6 funds to purchase commodities 
which the states report as being preferred. Special emphasis is given, under 
Section 6, to the purchase of high-protein foods such as meat and meat 
alternatives. Section )i\ of the school lunch legislation authorizes the 
expenditure of funds from Sections 32 and 416 to purchase commodities 
customarily bought and donated under those sections but which currently do 
not meet the surplus requirements of those sections. 

The Food Distribution Division (FDD) of FNS is the federal office that 
coordinates the allocation of commodities. FDD determines, within 
legislative constraints and with assistance from the states, which foods will 
be purchased and the quantities that are necessary. The quantity of food 
purchased is based on the value ->f total state entitlements. Each state 
receives an amount of commodities, or entitlement, valued at a specified cash 
amount per meal served urder phe school food programs.' FDD determines the 
allocation of the donated commodities. The purchases of such commodities, 
however, are made by other agencies. The Food Safety and Quality Service 
(FSQS) arranges for the purchase of all foods under Sections 6, 14,* and 32. 
The Agricultural Stabilization and Conservation Services (ASCS) has 
responsibility for purchasing Section 4 16 and bonus foods and for 
distributing all foods. 



These federal ag ues arrange for purchases of food, either in raw or 
processed form, pay for^the transportation of the commodities to the 

states. There is no federally supported storage of food. The federal 
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government assoaes^ the purchase price and trie transportation costs u> 
designated warehouses. At this point, the states assume responsibility for 
the commodities. Between the tia* that plans for commodity purchases are 
made at the fede-al level and the delivery of food to states If completed, 
the FNS regional offices determine the exact distribution of food among 
states. 



Thestates are responsible for the actual distribution of food to SFAs. This 
isA^enerally done by the State Education Agency and/or the State Distribution 
Agjn'cy. Once commodities are received by the states, several options are 
available; states can store and/or process and/or transport the commodities.' 
Donated commodities may be stored at state warehouses until picked up>y the 
SFAs, ft- states may arrange to process some of the donated commodities. 
Processing is usually done to increase the acceptability of certain 
commodities to the S^As. For example, non-fat dry milk may be processed into 
mozzarella cheese, which is easier for schools to use, or it may be combined 
with other commodities into consumable products such as pizza. Processing is 
done under contract, and states may charge the SFAs for processing or may 
assume the costs themselves. Processed commodities may be returned to state 
warehouses for storage until picked up by the SFAs, or deliveries may be made 
directly to the SFAs. The storage and transportation of commodities can take 
many forms. In general, once commodities" are turned over to the states, some 
form of processing, storage, and/or transportation occurs. States must 
receive at least 75 percent of their commodity entitlement in food, and the 
balance may be given in cash for additional food purchases, which are usually 
made at the SFA level. 

Kansas is the only exception to this process at the state level. In 1973, 
when the state was faced with significant changes in its food distribution 
facilities involved in Food Stamps, Kansas chose to disband its commodity 
iistrib'.'ic-. -rrgra- entirely. A legislative mandate issued in PL 94-105 
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authorized USDA to allow Kansas to continue participating in the school 
commodities program by disbursing all cash-in-lieu of i** commodity 
entitlement beginning in November 197*1. The cash received by ne state is 
distributed to the SFAs to purchase food. 

The SFAs have some choice over which donated commodities they will accept 
from the state, and may refuse entitlement commodities they will not use. 
The states are not obligated to replace refused commodities. It is at the 
SFA level that mosV^Cpods other than donated commodities are purchased in the 
open market. 

In a study conducted for FNS, data concerning the volume of foot! purchased, 
prices, delivery arrangements, storage and transportation, quality control, 
local competition, and bid procedures were collected, and models "of the 
existing systems were developed based on the food procurement practices of 
nine school systems (Kearney Management Consultants, 1978); The 
administrative model indicates that foods other than USDA-donated commodities 
are purchased either by the individual school, school district, or 
multidistrict consortiums. The latter is defined as two or more districts 
that consolidate their food purchasing .either by using existing 
administrative staff or by establishing a separate legal entity with 
responsibility for food purchasing. The study also indicates that states may 
purchase some foods for school use. Depending on the size of the SFA, there 
may be storage and transportation systems at this level, and additional 
processing of foods and/or donated commodities may occur, which usually 
requires solicitation of bids and award of contracts. As w.ith the purchasing 
functions, the storage, transportation, and processing responsibilities may 
be combined among districts. 

The primary function of the school in the food procurement system is the 
preparation and/or delivery of food to students. In a study of food delivery 
systems, Jansen et al. (1977) described four such systems: (1) on-site 
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preparation and service, (2^ ^r^oi ...^u v... 

* * w/ ~- ~~ k» a^^ti khu nut uuik ueiivery, \ ^ 

central preparation with chilled preportioned delivery, and (U) frozen 
preportioned delivery. In addition to these systems, many variations exist 
in the preparation and delivery of -food, including, of course, the delivery 
of food to students by private food contractors or food service management 
companies. 

.Finally, a small number of schools, approximately 3^0 in 1978, did not 
. participate in the National School Lunch Program • but ' received donated 
commodities. Such schools receive donated foods under Sections 32 and 416. 

G - What Outreach Functions Are Performe d? 

During the 1960s and 1970s, Congress indicated its intent for program 
expansion through legislative mandates. In order to carry out such mandates, 
FNS initiated .program outreach activities to expand the school nutrition 
programs in terms of both' numbers of schools and numbers of children 
participating. In recent years, special 'emphasis has been given to reaching 
needy children with the benefits of the program. FNS at both the national 
and regional levels engages in a number of public information activities such 
as the development and dissemination of program outreach materials. In 
addition, FNS provides assistance to the state agencies in state-level 
outreach" activities, initiates special outreach efforts in conjunction with 
the state agencies, and monitors .state outreach activities. 

Each state agency details Us expansion' needs and objectives in an annual 
state plan. The state plan provides briteria for schools needing the 
programs, criteria for schools to be designated "in severe need," the number 
of schools targeted for program expansion, and specific outreach plans. In 
particjlar, the special efforts that are to be made to expand the school 
oreakfast programs are indicated. The state agencies a^e required to mail 
Dreakfast program materials to food service managers in nonparticipating 
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schools twice a year; they must mail general program materials 'and financial 
information to administrators in nonparticipating schools once a year; and 
they must visit schools targeted for expansion in the same year ,that they are 
being targeted. 

At the local level, the SFA attempts to encourage eligible children to 
participate in the programs. The SFA provides parents with information 
regarding the eligibility criteria for receiving free or reduced-price meals, 
and releases this information to the news media, unemployment offices, and 
major employers that may be contemplating layoffs. The SFAs undertake to 
. ensure that the eligibility application form is clear and easy to complete, 
and th^t free and reduced-price participants in the program are not overtly 
identifiable. The SFAs also arrange for fair hearing procedures for families 
who feel that their applications for free or reduced-price benefits have been 
improperly denied. 

H - A* the Programs Operate Differently in Private Schools Than 'They Do in 
Public Schools ? 

The school nutrition programs that operate in private schools are 
administered in one of/ two ways: (1) ,they ace administered by the state 
agency in exactly the /same manner as A the public schools, or (2) in states 
where state^ law prohibits the state agency from involvement in private 
schools, trie programs- are administered directly by t'r^ appropriate regional 
office. In the first case, there is no difference between the programs in 
public and private schools in terms of reporting requirements, flow of 
' federal funds-, monitoring, food service or other aspects of j)rognam 
operations. In the case of regionally administered programs, the Vc^ te 
schools report directly to the FNS regional office. The regional office, 
turn, prepares a state plan for these programs* Program operations in these ^ 
private schools are similar to those in schools with programs administered by / 
the state. The only difference is that private schools administered by the | 
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regions, complete a special reporting form (FNS 806) which lists data similar 
to .that reported on the FNS 10. The FNS 806 is completed by the school food 
authority on a monthly basis and is sent to the regional office. The cnly 
contacts the regional-off ice-administered programs (ROAPs) have with a state 
agency are those involving donated commodities; donated commodities are 
distributed to these private schools, like their public counterparts, by a 
^ state agency. 

\ • 

r ' Hau Man y students and Schools Participate in the Programs ? 

Participation in the school nutrition programs is, usually reported by FNS in 
two ways:. (1) the number of schools operating programs, and (2) the number 
of meals consumed by participating students. The first of these figures 
measures the availability of the school nutrition programs, while, the- second 
figure measures the extent to which the programs are utilized. The data 
source for these two participation figures is the FNs'lO repor^ng form. The 
FNS 10 is completed'' by state agencies using cata from thl reimbursement 
claims submitted monthly by school food authorities. State agencies submit 
the FNS 10 to the FNS regional offices on a monthly basis. In those states 
that prohibit state involvement with private school operations, the private 
school submit reimbursement cla4as- on the FN^ // 806 directly to the FNS 
regional offices. All data are subsequently transmitted to FNS in 
Washington, where monthly and annual figures are consolidated, monitored and 
analyzed. The federal program staff prepares annual reports of program 
participation, as well as special reports and studies. 

While the number of schools operating programs is the most commonly reported 
measure of the availably of school nutrition programs, there are several 
problems with this measure_Schools -that operate programs are typicall, 
larger jhan those that do not, Manyjchools that do not operate programs are 
vocational-technical schools or work-study centers. Students often attend 
these ^schools for only a- portion of the school day, the remainder of the day 
•being spent at another school or at work. At some schools without programs, 
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students participate in the nutrition programs operated by nearby schools. 
All of these facts tend - to produce an underestimate of the actual 
availability of the school nutrition programs. The extent of th* bias due to 
split s-hool session? ^and participation in servio*;: offered by other schools 
is difficult to determine. However, adjustments for differences ir school 
size -an be made. T&le" I-H shows the percentage of total school enrollment 
in schools operating school lunch programs. One major difficulty in 
constructing such a table is • the fact that school enrollment is defined 
.1-ifferently by different sources. While the school enrollment figures used 
in Table 1-H are . consistent with those reported by FNS for enrollment in 
schools participating in the NSLP, the use ofj other enrollment data 
frequently leads to participation measures over 100 percent (e.g., Beebout & 
Kendall, 1978). 

The degree of utilization of school nutrition programs is measured in three 
different lays: the average daily meals (or half-pints), the participation 
rate*' and the estimated number of participants. ..The first measure represents 
the total number of breakfasts, lunches, or half-pints of milk that are 
served to students daily. The participation rate for each of the three 
orogra-ns is Usually calculated by dividing the average daily meals (or 
half-pints) by the average daily attendance. The estimated number of 
participants is obtained by applying the participation rate to the total 
enrollment, rather than to average daily attendance, thus yielding an 
estimate of th- number of br-kfasts, lunches, or half-pints of milk that 
would oe served daily if nc students were absent. If the frequency with 
which students participate in the school nutrition program is correlated with 
their attendance, then the estimated number of participants will be biased. 
If frequent participants are present more often than infrequent participants 
(i.e., j&tendano* is positively correlated with the frequency of 
participation) then the estimated number of participants will be too high. 
If frequent participants tend to be absent more often than infrequent 
participants (i.e., attendance i~ negatively correlated with the frequency 




Table 1-4. Availability and Utilization of the National School 

Lunch Program, 1978-1979 



State 

Alabama 

Alaska 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

District of Columbia 

Delaware 

Florida 

Georgia 

Hawaii, 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 
- Maryland 
Massachusetts 
Michigan- 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 



Average Daily Lunches 
as Percent of 
Average Daily Attendance 

79.1* 

45.6 

55.8 

74.7 

45.0 

56.7 

54.4 

55.3 
62.4 

67.9 
82.4 
88.9 
56.8 
53.8 

63.3 
77.4 
73.1 
78.8 
84.7 
63.7 
51.7 
65.6 
50.0 
58.7 
85.7 
68.8 

58.9 
72.2 
47.9 

58.5 f 

46.9 

63.3 



Percent of 
Enrollment in 
NSLP Schools 

90.5*» 

71.9 

85.0 

93.9 

85.8 



87 
71 
80 
77 
87 
93.7 
86.5 
97.1 
62.1 
97.0 

91.1 

90. "> 

92.0 
88.8 
88.0 
86.1 
88.1 
79.3 
98.9 
88.7 
91.1 
89.9 
63.0 
93.1 
90.6 
83.9 
97/2 



•Derived from preliminary FNS data for October 1978 fo 
' schools. 



r public and private 



••Derived from preliminary FNS data for October 1978 and Market Data 

Ketneval, Inc. enrollment data for public and private schools, 1978-1 979, 
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Table 1-4. 


Availability and 


Utilization of the 


National School 




Lunch Program, 


1978-1979 (Cont'd) 






Average Daily Lunches 


Percent of 




as 


Percent of 


Enrollment in 


otate 


Average 


Daily Attendance 


NSLP Schools 


new iotk 




48.6 


90.3 


North Carolina 




79-8 


95.5 


North Dakota 




71.6 


96.0 


Ohio 




51.9 


93.7 


Oklahoma 




63.8 


98.5 


j Oregon 




59.6 


86.7 


' Pennsylvania 




hi- ^* 
45*6 


100.0 


Rhode Island 




16.5 


87.3 


South Carolina 




76.8 


86.5 


ooutn uaKota* 




68.1 


93.8 


T* a m m a a © ^ a 

lennessee 






QQ 0 

00.2 


1 cXaS 




63.7 


fin 0 
09 c d 


U uau - 




69.2 


an Ji 


Vermont 




70.5 


74.5 


Virginia 




68.4 


90.1 


Wo «h i ncr f 




15.3 




West Virginia 




93.6 


83.2 


Wisconsin 




58.3 


85.3 


Wyoming 




55.5 


96.2 



•Preliminary October 1978 data for South Dakota appear to be in error. Rates 
are based cn November 1978 through May 1979 average data for South Dakota. 
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of participation)' then the estimated number of participants will be too low. 
Since not all students who participate in the school nutrition programs do so 
every day, the estimated mfmberf of participants will be Considerably less 
than the number of student* who participate in the programs at ofie time or 
another. For example, if students who participate in the programs typically 
do so only half of the time, then all three measures of participation would 
understate the number of students participating by half; since all three 
measures reflect average daily participation. Since students who receive 
free or reduced-price meals tend to participate wxth greater frequency than 
those who pay full price, the discrepancy will be greater in those situations 
in which there is a smaller proportion of meals served free or at reduced 
prices. 

In addition to the regular annual reports and reports of a special nature 
prepared from the FNS 10 data, several special studies and surveys that have 
required primary data collection have been conducted by FNS in order' to 
analyze participation rates. Two recent examples of such participation 
surveys are the 1972 Nation al School Lunch Program Survey (USDA, FNS, 1974) 
and tne Special Milk Program Ev aluation -and National School Lunch Prog ram 
Survey. (Robinson, 1975). In 1972, at the request of Congress, - FNS conducted 
a survey of 650 schools representing the nation. The purpose of the survey 
was to determine the- extent to which students participated in the lunch 
program. Ail data were collected in March 1972. Survey findings indicate 
thatT of 106,381 schools in the country, 79,588 or about 75 'percent were 
participating in the National School Lunch Program at the time of ►he 
survey. Total school enrollment was 51.6 million students, of which 43.8 
million were enrolled in schools with lunch programs. On the day of the 
survey, more than 2U million students, or 55 percent of the students enrolled 
in schools with lunch programs, received a Type A lunch. Further information 
on participation by racial groups and by types of food service facilities in 
operation was also reported. All data were drawn from ^operations on the 
single day of the survey (USDA, FNS, 1972). 
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In a later survey, conducted by FNS in 1975, 768 schools were studied to 
determine the levels of milk consumption as well as the extent of 
participation in the lunch program (Robinson, 1975). The findings of that 
study indicate that about 88 percent of the public schools in the country 
operated lunch programs and served an average of 2M.5 million lunches each 
day. Robinson also reported that the breakfast program was available in 
about 11 percent of the schools in the the Country and served an average of 
1.5 million students a dajf, while the milk program operated in 82,000 schools 
nationwide, serving about 11.5 million half r pints to 9.2 million students 
each day. 

USDA has also prepared several reports analyzing trends in participation. A 
review of all USDA-funded child nutrition programs that was prepared for 
Congress (USDA, 197*0 discussed the social, educational, and demographic 
trends that have influenced program participation. The decline in birth 
rates during the 1960s 'resulted in declining school enrollment during the 
late 1970s. Changes in school operating characteristics, such as open-campus 
policies, work-study programs, and doubJe sessions, also tended to reduce the 
participation rate by reducing the number of students who were on campus 
during breakfast and lunch hours. Changes in American eating habits also 
tended to Lower participation rates. Several other factors, however, 
combined to offset these negative influences, resulting in a general increase 
in participation during recent years. The declining number of small 
neighborhood schools, the increase in sprawling residential developments, and 
the dramatic increase in the number of families with both parents employed, 
have all reduced the feasibility of students eating at home, thus increasing 
participation in school nutrition programs. 

The Child Nutrition Review ^ another special report prepared by USDA for 
Congress, analyzed participation trends between fiscal 1969 and 1976. The 
results of this study are summarized in Table 1-5. With the exception of a 
small decrease in 197^, the number of NSLP lunches received by students has 
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Tab 1 


e L-5. 


Parti eipa 


Lion 1 rends in r,hc Lunch Program 


, 1969-1976 








Total School 


Average Daily 
dumber of Lunch Participants 
(Millions) 


Percent of 


~i ■ — — — 

Number of Meals Served 
(Millions) • 


Fiscal 
Year 


Enrollment 
(Mil lions J 


Free 


Reduced- 
Price 


Full 
Pr ice 


Total 


Enrollment 
Rece i ving 
Lunch Daily 


Free And 
Reduced- 
Price 


Full 
Price 


1 

} 

> 

Total 


1969 


51. 7 


2.9 


* 


16.5 


19.4 


37.5 


508 


2,860 


3,368 


1970 


52.1 


4.6 


* 


17.8 


22.4 


43.0 


739 


2,826 


3,565 


jen 


52.0 


6.3 


- * 


17.8 


24. 1 


46. 3 


1,006 


2,842 


3,848 


197? 


52.0 


7.9 




16.6 


24.5 


47.1 


1,285 


2,667 


3,972 


1973 


51.4 


8.4 


.2 


16. i 


24.7 


48.0 


1 ,402 


2,60*7 


4,009 


1974 


51.4 


8.8 


. 3 


15.5 


24.6 


47.9 


1,478 


2,504 


3,982 


1975 


51.1 


9.4 


.6 


14.9 


24.9 


48. 7 


1,638 


2,425 


4,063 


19 76 


50.5 


10.0 


.8 


14.7 


25.5 


50.5 


1,767 


2 4m 


*t , 1 /U 


♦Free and reuuced~price figures were reported together i 


until 1973. 
°') 
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increased steadily since 1969 in spite of declining school enrollment. This 
increase between 1969 and 1976 has been due to the dramatic growth in the 
number of free and reduced-price lunches served, the number of full-price 
lunches having decreased slightly during the period. ^By T9 76> approximately 
half of ail students received an NSLP lunch on a typical school day* 

Participation data are collected on a regular basis by FNS from the FNS 10. 
For the three years since the Child Mun i tion Review was released, these data 
have been collected by FNS and are summarized m Tables 1-6 through" 1-8 fcr 
the tnree school nutrition programs. These data are only preliminary, since 
corrections and revisions are routinely received and incorporated for up to" 
five years after the original FNS 10 forms are due. Therefore, the data are 
likely to be more accurate for earlier years than for the most recent years. 



Table 1-6 snows a slight increase in the ntmber of schools operating 
programs, out a small decrease in enrollment and attendance. In spite of the 
decline in enrollment, the number of lunches served has increased steadily. 
Unlike the period 'before 1976, this increase has been due primarily to the 
larger number of full-price meals served, since there were only small 
increases in the number of reduced-price meals and decreases in the number of 
free meals. Since the number and enrollment of schools operating programs 
have not increased significantly, tnis growth is largely attributable to thv 
increased participation rate of students in schools that operate school lunch 
programs . 

Table 1-7 snows quite different trends for tne School Breakfast Program. 
Starting wi:n a significantly smaller number of schools operating the program 
than tne NSLP, tne breakfast program has increased in the number of scnools 
participating and the enrollment in tnese schools. Increases have occurred 
in the number of breakfasts served m all three price categories, but the 
participation rate has remained relatively constant. \^ ys. 
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TabLf 1-6. Participation in the School Lunch Program, 1977-1979 



School Lunch Prograc 



October 

Schools Operating Program* 

Enrollment in Schools With Program 

Average Daily Attendance 

Average Daily LunShes 
Estimated Number of Participants 

Free 

Reduced-Price 
. Full-Price 
Total 



School Year 



1976-1977 
(millions) 



1977-1978 
(millions) 



89,052 
44.8 
141 .14 
24.3 

10.6 

1.3 
14.6 
26.5 



90,196 
44.9 
41.4 
24.5 

10.3 
1.6 
14.3 
26.6 



1978-1979 

(millions) 



90,800 
■ 44.6 
40.9 
24.b 

9.9 
1.7 
15.1 
26.8 



March 

SchooJs Operating Programs* 
Enrollment in Schools with Program 
Average Daily Attendance 
Average Daily Lunches 
Estimated Number of Participants 
Free 

Reduced-Price 

Full-Prioe 

Total 



Annual Number of Lunches Served 
Free 

Reduced-Price 

Full-Price 

Total 



•Actual number 



88,828 90,054 91,201 

44.6 44.7 43.9 

40.9 41.0 39.9 

23.8 24.3 24.6 

10.6 10.4 10.0 

1-3 1.6 1.7 

14.3 14.8 15.4 

26.2 26.7 27.1 



1 >690 1,617 1,601 

211 247 273 

2,354 2,378 ?,480 

^,254 4,242 4,353 



76 

01 



Table 1-7. Participation in the School Breakfast Program, 1977-1979 



School Year 



School Breakfast Program 



1976-1977 
(millions) 



1977-1978 
(millions) 



October 

Schools Operating Programs* 

Enrollment in Schools With Program 

Average Daily Attendance 

Average Daily Breakfasts 
Estimated Number of Participants 

Free 

Reduced-Price 
Full-Price 
Tota J. 



March v 

Schools Operating Programs* 
Enrollment in Schools With Program 
Average Daily Attendance 
Average Daily Breakfasts 

Estimated Number of Participants 
Free 

Raducec-Pnce 
F»ll-Price 
1 ota 1 



Annuai Number of Breakfasts Served 
Free 

Reduced-Price 
Full-Pr^ >e 
Tota 1 



18,311 
9.2 
8.6 
2.1 

1.9 
. 1 

.3 
2.3 



19,137 
9.7 
8.7 
2.2 

2.1 
.1 

• 3 
2.5 



325 
18 

56 
399 



20,996 
10.8 
9.9 
2.1 

2.1 
. 1 

.1 

2.6 



21,660 
11.3 
10.2 

2.5 

2.2 
.1 
.1 

2.7 



311 
25 
66 

132 



1978-1979 
(millions) 



26,672 
13-3 
12.1 

2.9 

2.1 
.2 
.5 

3.1 



27,655 
11.2 
13.0 
2.9 

2.5 
.2 
.5 

3.2 



387 

33 
85 
506 



•Actual number 
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Table 1-8 snows the Special Milk Program experiencing a decrease in totai 
number of half-pints of milk served, with sporadic variation in the number of 
institutions participating, 

DISCUSSION \^ 

In 1935, federal legislation authorized the Secretary of Agriculture to 
donate surplus food commodities to elementary and secondary schools. The 
legislation was intended to remove surplus food commodities from the market 
and support farm incomes, while providing lunches to school children. The 
1946 National Scnooi Lunch Act permanently authorized the school lunch 
program witn appropriations "as may be necessary." Its primary objective was 
to safeguard the healtn of school children by providing nutritious meals, and 
the use of surplus food commodities became a secondary objective. It also 
required local school authorities to serve free or reduced-price meals to 
children unable to pay the full price. The program operated for the next 2C 
years with only minor modifications. 

With the Child Nutrition Act of 1966, the existing lunch program was 
strengthened. The Special Milk Program (which had been initiated in 1954 as 
part of the lunch program) was made a specific program with funding through 
1970, and a pilot program known as the School Breakfast Program was created 
with funding through 1968. Throughout the seventies, legislation extended 
and expanded the school nutrition programs, with special emphasis on poor and 
needy children. The Special Milk Program was made permanent in 1970, and the 
School Breakfast Program was made permanent in 1975. Other legislation was 
intended ' to increase the frequency of reimbursement for schools and to 
improve the quality of the meals served. However, recet t legislation nas 
emphasized fiscal austerity and program accountability. 

Since the programs began, federal legislation has created a complex system 
for managing the programs. While there are 'a variety of offices within USDA 
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Table 1-8. Participation in the Special Milk Program, 1977-1979 







ocnooi iear 




Special Milk Program* 


1976-1977 


1977-1978 


1978-1979 




(millions) 


(millions) 


(mi llions) 


October 








Schools Operating Program** 


-84,120 


84,948 


84 537 


Average Daily Half-Pints Served 


12.6 ' 


. 12.2 


10.7 


Monthly Number of Half-Pints Served 








Free 


52,8 


51.9 


,29.1 


-Full-Price 


200.6 


193.0 


"195.0 


Total 


253.* 


244. 9 


224.1 


March 










All c;77 






Average Daily Half-Pints Served 


■ 11.7 


10.3 


10.2 


Monthly Number of Half-Pints Served 








Free 


58.6 


27.1 


27.6 


Full-Price 


197-5 


172.5 


183.2 


Total 


256.1 


199.6 


210.8 


Annual Number of Half-Pints Served 








Free 


469 


327 


229 


Full-Price 


1,711 


1,621 


1,597 


Total 


2,183 


1,918 


1 ,826 



•Data are not disaggregated for schools and residential child care institu- 
tions; therefore, combined figures are reported here. 

•Actual number 
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that h^e some responsibility for the programs, the principal administering 
^ency is the Food and Nutrition Service (FNS) . In general, federal policy 
13 interpreted by the FNS regional offices, which then assist and supervise 
the state agencies m carrying out federal regulations and guidelines. In 
turn, the state agencies manage the programs within the states by providing 
assistance to local School Food Autnorities (SFAs) as needed, and by 
monitoring SFA performance and establishing fiscal record-keeping systems. 
At the local level, SFAs administer the program in schools that they 
supervise, in accordance witn ail of the appropriate legislation, 
regulations, and guidelines. Finally, individual schools are responsible for 
preparing nutritious food and making it available to ail children. 

The scnooi nutrition programs are supported primarily by a performance 
funding mechanism. The allocation of resources to the states by the federal 
government, and subsequently to the SFAs by the states, is based cn 
reimbursement for each meal or half-pint of milk served. Since the sct.ool 
nutrition programs began, reimoursements to schools have steadily increased, 
due to increases in benefit levels, in the number of schools operating the 
programs, and in trie number of meals 'consumed by students. 

While tms cnapter describes the context and operations of the school 
nutrition programs, bas( on legislation, regulations and guidelines, it 
should be noted that we o not know the extent to which actual operations 
differ from the ideal of* legislated description that was proviced in this 
chapter. Empirical data are needed to give a complete picture of program 
operations. When such data are collected, the information presented in this 
chapter can be usea for analysing discrepancies between actual operations and 
legislative intent. 

As discussed, the ob^scti'es of tne s .ool nutrition programs have changed 
over tne years, from an initial emphasis on agricultural price supports to a 
later empnasis on child nutrition and healtn. As the programs have grown, a 
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comprehensive organizational and operational structure . has developed that 



involves the federal government, every -state, ~~and modt~s~CtT6ol districts and 



.schools jThe programs provide services ^to a large proportion of* the public 
% and private . school students throughout the country, and have a significant 
;effect on 7 the nation's economy* 
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10 REPORT NO. OF MEALS SSRVEO RCCI's 
ON LV. (factor it Item 5 through % shore! 














\ 














c. Severe Need Set ■»! ftretkfsit Proptm 















11. ESTIMATE THE T0TAt*NUM9IA OF CHILDREN WHO ARE CUCISLE T?R FREE ANO REOUCEO PRICE LUNCHES UNOER THE 
SCHOQ wy ANO RE5I0eMt\AL1CHILD CARE I NSTITt fT lOlO- ELlGmittTYSTANOAROT FOR SUCH LUNCH gj. . 

12. APPROVE 0 TJ* FREE ANO REOUCEO :r T 7 
PRICS LUNCHES 

•.Number of children w schools «nd RCCI't. . . . 
b. . Numbnr of ehiMw.1 in KCCIY . 



OPERATING A PROGRAM THIS MONTH 

1*.*, Number of School* (ExeUrde Revdentfl ChOd KTj 
Cvt+Uet.U* Coll F thru I. but Include them in Pt 

Cbljy . ..... 

3 

b. Mttnbcnhip (ErsoUmtnt) , , ...... 

C. Ami|< DiiJy Attendi/ut . , . , „ 

1«a. Number of Rcttdtntul OuM C«it iMtituOom . . * 
« j 

b, MembtnpJp/f«V9J7itrnr/ ...■.....*.... 
11> Number of Nonrtudtntul Quid C4rr taMituikwu « 



IftNUMftER OF SUMMER CAMPS OPERATING A 
PROGRAM FOR THE MONTH OF JULY OKLV . 



rOOO URV1CE EOUIPMENT ASSISTANCE 
PROGRAM If SEA) 

(Include EtpetUSy A'eedy) 

17.« No. School i ft RCCI's Approved for FSEA 
/ Fundi tht* QuiJtff .** 



b- Hembrnhip (Ewotlmtnt) . , . , 

IS.*- No. SchooJi ft.RCCI'i R«c«ivM| FSEA Funds tfi' 
thiiQvuntr # ,, 



ESPECIALLY NEEOY FSEA ONLY 

19 « No, &hooli ft RCCI i Apptovtd for f SEA fcC 

Fundi thu Qviutt ... p^L 

b U«mberjhlp/f«A>W«fnr; 

20j No. Scnoohtft RCCI'i R*c«inn| FSEA fundi U 

thu Quvttr » . . .... i 

b. Mtmbfftfwpjffnroff*tfng .... ... 7: . . . fltf 



/ CERTIFY ihsi thit report n true t*d comet ro the bett of my *«o»fa//r 
*»J belief s * 



FORM FNS-10 (7-79) (Fmtout edmoni »*e cbtolete / 




No further monies or other benefits nty b« pjtd out unJet ihew pf o#r*mi unleu this if port n 
^ompWee tnd fi!td si required by fkittwir tetuUtsont |7 C I R ?10 115 iMA i«rn 
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(AN tirm telfttpl***ioty unUn nottd Mo*) 



Foi Vach applicable month, all schools, residential and non. 
reudeniul child cart institutions,' and summer camps known 
to have operated a program during the month being reported 
should be accounted for on this report,- The initial report 
should include data (rem the claims actually received and 
ESTIMATES ^for those which have not been received by 
trie reporting 7 due date'.: in 'any event, any data reported 
»hlch U not'bascd solely on actual claim data should rep- 
rtsentAttie best estimate of the reporting office of the actual 
level of operation: rSee MONTHLY REPORTING for a 
'•more complete discusiiO^ofesUnMtuig procedures ) 

For completion of Fckt^FNS IO. the foU owing reporting 
achedule should be followed; 

'I. Items 3 through 9. THQVTHLY . 

2. Items 10 ihromh -lS. TWICE A VEAR for 
October and March, 

3^em 16. ANNUALLY for July. m m 

.. r *" 1 - " ;,"./. 

4. litems iVtluough 20. QUARTERLY , for the 

quarters ending Match 31, June 30. September 

30. and December 317, 

If 'any ; of ' the = items 3 d o not /apply , to jtjie State Agar :y 's 
operation;, please! leave appropriate spaces 'blank, FNS 
Regional Offices should romp; etc only Item 8 Columns A** 
.through E, Items 13 arvJ 14 Column I, and Items 17 through' 
20, Columns K through 0. /' lfc " " 

_ pefni tiottS (For the p ur pose of (h is report) .* 

!. "Average Dally Attendance '' ■ is tht aggrepte days 
attendance of • given.school during a given reporting* 
. period divided ,by the number v 6f days school is in 
session during, this period. The average daiy attcn« 
dance f or 'groups of schools Mving varying lengths 
of terms is the turn of the average daily attendances 
obtained for the iridividual school t ^ * 

2. "Averagc^Daiiy Meals Served'- is; the total meals 
reported ^divided, byf the number ; d f * food ae inrice 

i operating days ^unng the m onth being reported /As - 
an fcpcdicnt;Jt may^ be ^determined in accordance 
witV the following example; School A served for 70 
day;s;*tU'tj;of;2,000>ealsr2.qpO divided by- 20 
equals in average of 100 meals served dastyV School 
B served fort 16 days i total of 2 2.400 mealsf 2,400" 
divided by 16 equals an average of 150 daily * One 

^hundred (Average daUyjneals served for School A)/ 
plus ISO (Average daily meals served for School B) 
equals 2 SO/ total aggregate, average daily meals for 
" the 'two schools: 



3. Membership (Enrollment) - A pupil u a member of a 
school from the date be presents himself at school 
and is placed on the current roll until be permanently 
leaves the school for one of the causes recognked as 
sufficient by the State. The date of permanent with- 
drawal should be the^date on' which it is officially 
known ? that 'I the t pupil \ha wleft • , school . , and no t 

. neceiaarily the first day. after the date of last etten. 
dance. Membership is obtained by adding the total, 
original entries iind :the 1 total reentries and sub- 
tracting 'the total withdrawal*; )V may also be 
obtained by adding the total number present and 
the total number, absent. This term is also known 
as the number belonging. This same definition may 
be applied to residentUJ child care institutions. 

4. A' "Nonresidential Child Cart < Institution" is a 
licensed I - 1 nonschou public or. - nonprofit private 
inttit jtron providing day, care service* where children 
"are riot mamtainad in rerdenc*. ' * ' § 

5 A "Residential Child Care f nit it ut ion " is a public or * 
bxensed nonprofit cwgaiutatioo including but 'hot 
limited to orphanages, hornet for the mentally ~ 
retarded, Jtc:; where children are' maintained in 
residence.' ' - - .- 

6< A "School" , is in educational unit of high school 
grade and under operating under pubbc or nonprofit 
priva'.c ownership m a single' building or complex of 
buildings. When .separately administered elementary 
end secondary, grade levels are housed in the same 
budding/each is considered a separate school. When 
both levei* are administered as one unit, it should be 
considered a single school. ' 



7. A school with "Severe Need ' is a school which is* 
approved for School Breakfast Program reimburse- 
ment In excess of the specified standard rates of 
reimbursement, A school with severe need was 
known as an Especially Needy school prior to Public 
Uw 95 166. 

t A "Paid Meal" is one which is served to a child who 
has. not been- determined to be eligible to receive 
"free or reduced price meals/' as defined below. 

' A "Fre* Meal*' is one which is served to a needy 
'child determined to be eligible for such meal under 

the eligibility, criteria of the School Food Authority 
w~ or residential child care institution approved by the 

State Agency. * 

1 0. A -Reduced Price Meal" is one which is served to a 
needy child determined to be eUible for such meal 
under the, etgibuity criteria of the School Food . 
Authority v'or, residential^ child-' care institution 
approved by the Sute Agency. The deduced meal* 
, price must be leu than the full meal 'price and must 
- be 20 cents or km for lunches and, 10'cents or less 
for breakfasts. ' i~" ' 

■1 I. **Free Mdk 4 is milk serVed, under, the Special Milk 
Program to needy children determined to be eligible 4 ' 

« for.such milk 'under "the; eligibility criteria of the 
Sc^c^^c^d'AutbontV- or'tchild cai? wirititioh 

• r approved by the Sttte'Ag^ctf^.^ - ' " " 

12. ^^Mfiirc «<• ^al Hilf.pintt nf Mtlfcr^ 

all freer reduced price,- and paid meals and ail free' 
^and I ;p^d-mfik ^served durmgMhe^rnbnth .being 
reported to all eligible children participating in the 
child nutrition programs covered by this report. ' 

1 3. Thetttrm "Ini tiatine SB Pi Serviced refert to ai\y 
- school approved „ to,, receive or currently receivinj 

Food ^ Service^ Equipmen t Assistance funds for 
^ initiating the School Breakfast Program. t 

14. The terih ^tiatuir NS^ Service^ refers jo' any 

- school approved , to receive or currently -_ receiving 
F«>d\S*tviceKEq«lpmentyAsiistance -funds for 

- inhiatmg the Nat lonal School Lunch Program. 

^ VioNnrii ly retorting i 

' Note; If complete. claim data Is not available for Items S 
through 9, by the due date, estimates will need to be 
developed f to complete-, tne. report.; While.the' 4 rt. 
.porting office' may use whatever methods are most 
auiuble r to: their needs/the following methods are 
•uggested: " ' V; ' ** 

(a) For FNS-10 reports which arc based on partial 
v estimates' For all cjaims not received for schools 

and institutions known to be operating a pro- 
gram(i). adjust the most recently received claim 
. record available for each reporting unit to the 
* days : of operation for the current month, This 
sum of estimated ouUtanding claims when idded 
to > the tab ula tiorij of claim s actually received 
1 should provide reasonably acxur it e estimate 
' for .total progr am operations; for? the month 1 
■ being rts*orted. 

(b) For FNS-10 reports which are based totally on 
estimates' If it a not practical to consider any 
actual claims received when making estimates, 
use historical data -inch as the previous month 
or the same month of. the. previous ye*r-and 
adjust to the days of operation of the month 
being reported to make, the estimate. Make 
reaacmaW: adjustments for any knovm program 

I growth or decline. 

It is absolutely essential to submit reviseo 

FNS-10 REPORTS FOR ALL ESTIMATED REPORTS 
WHEN ACTUAL CLAIM DATA BECOMES AVAILABLE. 



If the mitial submission is based on final claim data, 
check Items 2a and 2c. , 

Enter in appropriate columns tne number of lunches 
served an .schools and residential child care institu- 
tions to eligible participants. Any lunches served to 
persons not eligible for program participation or any 
served tthat do not meet the Type A pattern are 
examples of lurches that must not be reported. . 



FORMFNS<10(FAGe > 3! 



85 . 

100 



\ 



-lierrr- 



6. \ Enter in appropriate columns the number of break* 

\ fastsiserved in schools *end * residential child care 
wstitutiow'tojeug.blt participants. Include break, 
feat* served* in schools and residential child* cere 
centers designated by the State Agency as. Severe 
Need programs. Ar»y ..breakfasts' served to persons* 
not euaible for /program participation, Or any 
served that do not meet at least the betk meal 
requirements ' are examples of breakfasts that* 
mustnot bereportcc. 

7. Following the same 'procedure a* for. Item 6, report % • 
only; free and reduced-price breakfasts' served in thc\ 
SeverejNeed program*. Those breakfasts should be 
included in Item 6. Report the total of free and 
red u ced-price Severe Need breakfasts in Column D 
of Item 7. ~"' _«> \ 

8. Enter in appropriate columns the number of lur/ches 
at reed to eligible' participants. Include lunches served 
in. both Commodity-Only schools and Commodity- 
Only residential chJd care institutions. Any lunches 
served to persons not eligible for program participa- 
tioa, or any served that dojsot meet:the require* 
went* a* set forth in §210.15* of the NSLP regula. 
tions, 2 are examples of - lunches^ that mutt, not be 
reported. - ' " ' ' 

Note:* For items 5 through I. Column E, compute 7 Average 
. Daily ~ Meals ' Served' v in - accordance 'with the above 
D^fWtkm Hb?2. " * " V 

9. ; Enter in appropriate columns by, applicable outlet 
unit the number of half •pints of milk served In the 
Special Milk Program (SMP) * to eligible participants, 

, Milk served in nonprjeing outlets should be counted 
at paid ' milk served- Include SMP milk ser^. in 
residential child care institutions with milk served in 

AS OF OCTOBER 1 AND MARCH I . 
1 0^ Enter in *pp>opriete columni the "n umber of lun ches , 
* and breakfasts served in residential child care insti- 
tuUons to ehgible participant*. 5 Any • sneels served to 
persons;" not eligible Jor program 'participation, or. 
any served ^ that do not meet atjesst the bask meal/ 
requircracntssure essmplet'of meals that must not / 
be reported. For Item 1 0c. report the total off ree "and * " 
reduced-price Severe Need breakfasts in Column D. 

, II, Each; school end residential child care institution 
x participating in the National School Lunch Program 
fit required by law to provide an estimate to the State 
Agency , as of October: I and March 1 each; year of 
the number of children who arej eligible for a free 
or reduced price lunch The data must accordingly 
, be compiled by Use, State Agencies and reported to 
Fr«. Enter thia data in Item 11. - 

t?a. Report the number of children who haee.cunent 
and .and complete applications on, Tile, and who have 
1 2b. been approved fur J) free lunches, end 2) reduced- 

price lunches. ~" *** * ^ " " " 



13. 



Enter m appropriate columns the number of schools 
participating in the child nutrition programs covered* 
by th» repent. For the Special Mdk Program only; 
combine the^ number of pertktpatinav residential 
child cart tnstitutiont with the number of schools 
and. report m Column J. 7 Enter m the appropriate 
columns the, .aggregate membership (enrollment) of 
participating schools only and their aggregate average 
daily attendance. # ' \ ' 



14. Enter » appropristc columns the number of re . 
dential child I care instjtutioni participating In the 
lunch, breakfast, and commodity only prcframs »nd 

% theu aggregate membership (enrollment). 
,1S, Enter in Column J the number of nonresident 
cfuJd carr institutions participating in the SpecS 
MJk Program. 

ANNUAL REgORTghj C ' \ 

15. Enter in Column J the number o? nonprofit summer 
\ camps participating 'in the Special MUk Program 

during thr Month of July. ' 

, QUARTERLY REPORTI NG | 
Note's. Eater total figures in this section for only -the quarter 
being reported. Quarters end March' 31, June 30, 
September 30, and December 31, If a central kitchen 
is approved or assisted.' report the number of bene^ 
fitmg schools and membership (enrollment) therein. 

"InitUtiaa NSLP Service*' refers to a schooKthat, 
4oe ! n ? t Participate injhe National School Lunch 
fwgnnt-^Schoob-inithU category, have been ap- 
proved for FSE A -funds in order to initiate the 
Nttional School Lunch Program. ' 

-initiating SBP Semce" refers to a school Which 
' has been approved L for. or Is* cVrrently receiving, 
.FSEA funds ut.order to initiate the.School Break* 
. fast Prog>am, without regard to whether or not the 
School has L an existing food service; v ' I 

^MamtessencVand Expw&n* refers to V school 
with' an i existing meal: service which.has.beeri ap- 
t proved for FSEA funds for^I) needed replacement 
•quipment; 2) additional >qwpmeSt; of, 3) equip- 
:snent to provide the facilities to receive and^arve, or 
\ _.P 1 ?P W '» ^? k **?. d **T re metlav* 

If a school is approved for FSEA for more than one 
; purpose, report that school m the category for which 
\the most funds «sH be spent,] 

18a. ^Report only thost schools and; RCCI's which have 
and teceived FSEA" funds; in tte'samV fiscal year that* 
20a. they were apprbved for such funds. Do not incluJe 
any unit which was approved m one fiscal year, but 
— -received the FSEA fund* m'a subsequent fiscal year, 
FOR EXAMPLE: a school whkh v was^appioved 
for FSEA funds dqring the first quarter receives the 
funds in the^ fourth quarter.^eport^this school in 
r tne appropriate column in the fourth"quarj«r report 
•■' On the other hand; if this approved school will not 
receive FSEA funds' until after the next 'fiscal year 
has begun, do rvpj report the school asreceiving FSEA 
funds on any FNS-10 either this year or next year 
This also applies to any subsequent revisions of the 
FNS-10. ' 

In the situation where, an approved Khool will be 
STcening FSEA funds in more than one quarter of 
the fiscal year, report that Khool only once, upon 
the initial receipt of FSEA funds. 

1 9- .These Items st i fef to schools and RCCI's determined 
and by the State Agency or FNS Regional Office to be 
2a Especially Needy, for which the one-fourth matching 
coat of tne equipment provided. under the Food 
Sehpce' Equipment. Assistance Program his been 
waived. Include data for the especially needy program 
(Item 19) with the dsta for the regular pro trim (Item % 
17). Similarly, include data for Item 20 with thecUu \ 
for item 1 1. 



Final data should be reported there ^possible. 



Submitting/'revised" reports and a.Tsaa) report'' is as important as sending in the "initial submitsion." Fvery effort 
shouM be, made to mad a final report as soon as possible. If this has not been dt-n« »i:hin a rea<on«ble period (one 

. month after the mailing ofpkg init:al aubmlswon might be considered such a period), a revised report should be sub- 
mtted if there has been any -appreciable" change in any of the data elements. Revised reports should continue to 
be i maded whenever appreciabk changes occur untU the final report is submitted, a report rhould be considered final 
*hen it w thought that complete and accurate claim data hat been received. However, the fact that a finil report haY 
^?3i tte ? *** •> ,olvt »*^«nt of the responsibUity to submit further reports if changes dVoccux 
uSSmS^if tkmeatt. .THE NEED FOR A TIMELY FINAL REPORT BASED ON ACTUAL CLAIM naTalc 
iA?Ncr!? VCJ H . E i E0U,REl4ENT T0 USE TM,S DATA AS THE » AS « FOR THE AMOUNT OF F^UNPi 

"S^SSu^ " X ™ E$ ™ £ '" ATI0NAL AVE ? A ^ E EARN,NG FACTOR'' DETFR. 

If the number of meats or half-pints served has to be adjusted based on the results of audit fmdints the renortt for 
™XV£\^\?l tCtt * ^ «« « the "final report" hat bee n su bmit fed Th! s 

md"£ve^ Utt ** Ut6 duec,,y to the ftumbf ' of ftdefll, y "im^mble meals or half.pmts of 



/ohm rns-10 t^Acc a)' 
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FORM APPROVtO OMO 40R 4086 



Tr3-0*lPARTMENT OF AGRICULTURE 
r 000 ANO NUTRITION SfeRVlCt' 

ANNUAL REPORT OF REVENUE AND COST 

// .V5 School hopcmi!FSS (CSr /« W. 79+4) 

Sec Instructions on Reverse 

So further monies or other benefits may be pMd but 
under th*se programs unless thlsVepor is complete 
and filed as required by existing regulations (7 CFR- 
,2(0,215 and. 220).- 



1 STATE 



2. STATE AGENCY 



3. REPORT FOR SCHOOL Y«AR 
ENDING ' 

June 30U9 



4. FINAL REPORT 

□ Yes □ No 



PROGRAM , 



NATIONAL 
SCHOOL 
LUNCH 

PROGRAM 



SCHOOL 
BREAK' 
FAST 
PROGRAM 



SPECIAL 
MILK 
•PROGRAM 
(In Schools Only) 



NSLP,$BP 
and 
SMP 
TOTAL 



NONFEDERAL REVENUES 



IA> 



(B) 



(Ci 



(0» 



5;' Stale revenues to be counted toward the Slate 
Revenue Matching Requirement 




6. Total of; (i) other Stat? revenues not reported 
in hen 5*above, and (ii>^loc^l revenues 



7, K ChjJdien's payments (included in Item 6 above) 



TJ COSTS 



NSL'P ONLY 



SBP ONLY 1 



8. Proi^^n costs at the loci! level as reported 
by School Food Authorities 



NSL p *«d S&? ICombint d; 



~~Complele Item 9 only* if Item S(A) above hatfoeen 
completed. * 
- / " 

9, Arc reported costs in Item 8(A) based on the 
n enure costs of operating the NSLP at the 
Iwal level? 



D Yes 



□ No 



10. CERTIFICATION / * 

I cerJifv to the bet? of mv kn<-wledce and belief that this report is 


orreel and complete* 










SIGNATURE 


title 


OATE 


/ 


REMARKS ' > 










< / 








* 






* * 
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INSTRUCTIONS 



PURPOSE ■ This rcpurt provides data necessary to monitor 
the two matching requirements under the'National School 
'Lunch Program • the 3 to 1 matching requirement and the 
State revenue .matching requirement. In addition/ this report 
provides 3 summary of local level costs • 



REPORTING PERIOD • The period covered by this report 
shall be the school year (July 1 . June 30). ^However, the 
* 1978-79 report shall cover the 21 -month period 10- 1*77 
' .through 6-30-79. This represents the transition period 
from fiscal to school year reporting for the NSLP matching 
requirements as provided by P.L. 95-166. Trie final report 
must be mailed by October 31. 



DEFINITIONS 



1, School 



STATE AGENCY RESPONSIBILITIES • Each State agency 
i> responsible for submitting a report on "actual data*'. 
Further, the State agency must provtfc, at the request of 
FNS. adequate corrections and/or clarifications on a 
timely bask! 

All items arc self-explanatory except; 

Items 5, 6, TV- Enter the amounts uf nonfederal revenue " 
applicable tojhth Item. 'If data are available, complete all 
four Columns (A-T3^4f«U!a are available for Columns A 
and D only, plea'se^completMhcse Columns. At a minimum* 
Column A or D must be completed. \ 

Jtem 8 - Enter program cost applicable to program admin- 
istration at the local level. Identify program cost according 
to guidance contained in FNS Instruction 796-1, Rev. 2, 
Cost Based. Accountability for School Nutrition Programs. 
Both Items 8 A and 8B (NSLP Only & S#P Only) are to be 
completed if the; data are available. If data.are available 
only for the NSLP, complete Item 8 A. If only combined _ 
^cost data are available f then complete 5?SLP & SBP 
(Combined). 

Item 9 - Check yes if reported costs are based on full cost 
accounting systems. Otherwise check no. 

PREPARATION AND DISTRIBUTION - Prepare in 
triplicate. Mai! original arjd une copy to the appropriate 
Regional Office. Retain one copy. 



i. An education unit of high school grade and under 
operating under public or nonprofit private owner- 
ship in a single building or complex of buildings. 

r. Also includes' residential childcarc institutions which 
ore defined as t/uMic or licensed nonprofit organiza- 
tions including, but nut limited to, orphanages. homc> 
for the mental!) tetarded. etc., where Chilean are 
maintained in lesidence. 
» * 

2. Revenues. Refers to all non-Federal revenues 

S. Stati revenues to b* counted toward the Sta:e 
rev^nut matching requirement - Refers to those State 
revenues used specifically for school nutrition reim- 
bursable program purposes (NSLP, SBP. anc SMP in 
schools) as detihcd'in Section 210.6 of the NSLP 
' regulations and must be documented by. an audi: , 
trail to ensure that revenues provided are used for 
\ the stated purpose. For example: funds appropriated 
by a State anci used for reimbursmg schools On a per- 
meal basis for meals served could be counted in this 
item. 

*?. Other State revenues and local revenuis - Refers to 
those revenues (including "children's payment*; 
' expended for \u: appropriate programs anc. tht 

certified value of goods and service* donate J to those 
programs. Do not include USDA donated commoj- 
, ities, funds expended for lar.d or buildings, o: the 
value of land or rental value of buildings usee" in 
these programs. 

Children's payments - Re fen to pa> ments i>; paid 
and reduced-priced meals under the Nation:! Schuol 
Lunch and School Breakfast Programs and paid 
milk under the Special Milk Program. 

3. COST • Refers to ths total local level program cost 
associated with the administration of these programs. 
Co not include-the value of Federally donated 
commodities. 



^FORM FNS 13 (Rev. 10-79) heriout editions ate obsolete. 
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US OlMRjytNT Qf AO«lCULTU«t 

roOO ANO huTftlTlON ttHVICK I 

ANNUAL REPORT OF MEALTS€RV(C& IN SCHOOLS 



■ ENS Im1r»<»»« Tf4.l> 



i courif rem/ i -y- onO 

□ STATC rri REOIONAl 
AGENCY I — I OFFICC 7 



»DHM A»»WQvtQ QUI HQ 40*»*»i 



2 NAUf O' STATC 



) DATA CUMMCNT AS Of 



Prtparl in triplicate. Mai! ORIGINAL 
*ni on* cepv.to ih* •pproprfnie 
K*«Mon*J Olltc*. Retain- one ropy. 



Rupert <W Aprils. 

ueotTAy.tr) iszt auctions on *cv£*se 



.18 



jikmuI School Lunch Fn? urn 4NSI h 



- J 

S.*)th W£Ajtomrnojdlly only lulstutcr- 



*7*ilholl<«f tonch winct md ckt iMc for 



7. With otter lunch Krvkt bgi Itvtbpbk for 
.USD A iuiiunct . 



J * 



for USD A titiiUncr 



19.1 



for USD A tmiunct 



PUBLIC. SCHOOLS 



ALL SCMO H*» T * C H3otTiov1[NG 



1 1 . SWT OTAL f Umi • ♦ 10) 

1 2. GRAND TOT^LO^UNITS AND MFM> 
: >CtSHlP (ENfcOllMFNT) <lto i t • 1 t> 



MCMAftKS 



ftCSlOCNTIAl CMJLO CAnf INSTITUTIONS 
ALL ftCCIt 



tO 0* 

J 



*CCt« MOVING 
TOWARD THE 



SCHOOLS »MW*«f rW*«fJ 



PRIVATE SCHOOLS 



ALL SCHOOLS 



SCHOOL* MOVING 
TOWAflO TMt St*' 



MCSIOCNTiAL CH'lO CAAt INSTITUTION* 



ALL ACCl« 



i.&ACCMi MOVING 
TQWAAQ TM| St»* 



V 



* »OOTxoTii ; tth—h *~i *ccn Mm^ntom^^t ig_ryj*»g s»r> g«» m h^kgw m h» -ah s<N»ft«- » -ah wccif cotw%4 



, 1 CfctTlEY thij Ou t report » » true »ad corn et to t heptitofm y knowtedfe And b*!«f 
* /t»C«#ATt;ne ' , "*"*" "iTITLf " "**' 



i \ 



fOAMrNS-4/(/ rti ftnkni r^Uicm, art ohvitl* 



No faithft nonet or other t*r* ( ,n mty be paid out ondVr ihn prof tun unkn thii 
report U ^tpWNjj ind filed it required by ttklWi rtguhttomC? Cf HJ^OL 
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V. 



INSTRUCTIONS 



. t 
PURPQtt The* fepom pruodc data or it) tfe Jurkh siawi oi «ll M.rtuoii irtwiw4M# trudcatul ,hiid**re 
ma nulKMitt «nj <2) iNaw Khooii monng twvwii J <he taxation oM,S*tux>i ttra&fan ftypam Thfac dm kni 
ii Uw b*u» for (1) the apportionment of *Hcicmd N Food Seroce Hfmpment AuiOincc fundi and (2) id/mrui- 
tritm w/orrtitwn on the luivi of achuol food Knvt within each State N 

iTATt ACINCY REVONS+tlLITlES - t*jTSutc i*fftv> u f rtpunU>te fm wbtnlltift* a »ffX>» bated on the 
bctl available MlorxatMuFuithei, the Suit age**} mull provtdr. it the rciuctt at r-NS. adequate corrrcltoai. 
tlmflcataoat ot •crtrVation on ■ Umely twm tidart to comply «uh tixie proviuoni mix affect the Stale 
agc*>*s ehaic of the *ppo*t wnme at of 'ft tamed tood Sentct Equipment Auuunce fundi 

All item i are Klf4kH«hitory t *ctpt 

- " " - *■* * 

Item 4 and 1 - ■ DiU for National School Lunch and eomraodjty'oaly achooh atvxtld he comparable 
to lb* data on the March FNHO r«pocu 

6 ««d 7 Include* *i3 hot or cold luach iuvkc other thin the National School Lu*ch frogram 

and commodity only lunch atMce. * 

7andlO ^ tssuapktof uwL^ibk w^kk^i or tv^atU chJJ<i}e tnUitutkdr.1 are thote %hKl hi^c . 

rtitnctrw admisbon polKKi of taoat which opcute a pfofU-maktig tood %trwa. 
Therefore, tine* t hear ojuti axe not eligible' fct the SIP. aU r Mo*ui Tonerd the SBf 
' K Mo/tafoc ifeauland iba^n beta shaded in • - 

* , * ^ 1 

v 9 through 11 - Due to Ihci^vcry nature, rfiaieatial d>dd<aie Inmtutioni axe coajidrfrd *tth mral 
^ t lunch) atrvice. There fort, all RCCI Mocki for itrmc 9. 10. and 1 1 ha»r beta ahadfd * 

« it*. Alt RtCli should be reported In tferai 4 through ? * 

\ 

Each school Of RCC1 covered by thu report ihould b* reported within only (W of the ipcctfk line ttrmiUtrm 
4. 5*4, 7.9 <x 101 to addition to bei*i intlud*cd in Ih* afpmfMalc tubtotal v fttrm Iff II) and in fie Grind 



ToUid^rm 12) 



DEFINITIONS 



I* WJTM IU**CX SCR VICE UtameatJ % t Utt to Khoott that mac a Variable, to rnnUcd .hddrrn, iufcfcci 
> which |) *ttt the Kftl r«qwirr«enta of &V»dio« 310.10 of ih* Natirwal£<h«ot Lunch Pfocraw 
refulatioaa* ** 2) in O** Cat* of w>vN$LP achoola, at>pf0tlaMt* tha mtmt rt^irtmiiti of 
Action 310. 10 *f th« Nauonai School U*ch Procra* itfulatlona; , ' 



2 WITHOUT LUNCH SCRVlCC (llama t 111 Rctti* iu »<hvx)tl (hit do not fflikc iv^Uiblc. lo cruoUeO 
vhtMrrnf iurxhci ippruKtmitUtf the fc^utttntvnu vi Stiiiw iiO.10 of the NaUotet School Lunch Pr^ 
tt'*m ceculatlona* 



3 aAOVINC TOM AH 0 THE *•» R«rti. to khuolt iui «hKh bufu ttde written .omruitntrnti of tatcat tw 
ia.tutr the School bfrikfaM fi*>$x*m ht** teen made durtrtf the 12 month period i April 1 Mirth Jit 
Mtimrduirty «revrdinf the dm ot the report bctft* fifed Laampki ot uvlt tom.mttmrr.lt uwloit taincd 
^vrmcnli ot *ppi*4tk>ni to pailM|>«t« tn the ttott*m ind letter i of intent to initiate the FtOffam Schoota 
'in thia Category hav» dafamlned that It la feaatbla to initiate the> Pfof raca, «nd havo fulfilled 
th« c tccaaary.local prorao^iaitaa prior to aubouttiac the bona fide writton cocuittwcwU 

% « ' ' ^ 

4 tCHOOL & 

t. An cdu<af»ni] unit of hi*h school (radc or t>ndct oyciatinf untfel pubbc of nonprofit pmatc 
ownctihin tn a alnjjf butUmc or'compkx of buUdtn**. ViTkb atpaxatrly adminittefed' ekmeauf > 
and actonduv Jtade tcveli **< KouKd in the tame Niifclinf, each it owkred a ach&rttc achoot 
Whca Mth Icvelf aft a&nLnutrrrd at one unJl, it ihould be connder^. M*,t achool 

b Alv> include 1 1 eaidentttl chtM Vw» inmtut wr.l ai defined below. 

6, " '.SiOCNTIAL CHILO CAftE INSTITUTION - A i>uh}H or berated noiproftt private Of(aaif atio'a tnctu> 
inf. but rot tamited to, orphanage a. homn for the m/nully ntafded, etc.. where childfta ax* taainmaed ta 
' tiideAce 



a), aaf MMRSHt* IENR0' '.fcbfNTI - A p u pU ii a mrmber of a khool from the date he prrKatt bamatlf at 
arhool and M placed on the :umnt roll until he pcnaAn/ntty fca*ti the achool tor one t>f the rauatt lecof 

" olf rd at •uffkkaiW thc^Sutc. The date of permanent withdrawal thould e* ihc date oa which it It offkuS> 
known thai the. pvptl haa left achool, and not MCfuuiy the Can dcy after the dike of tut attendant 
htrmberth^' u obutneu by adding the total oftcuul catfka ««d the tola! cccatrtct and subtracting the total 
withdrawal*. II may alio be obtained bv adding Jbc total Oumbee^tcaeai and the tytat number absent. That 
ttrui it altu known ai ,he numbel U Jngj^g Thu umr deftnitton may be applied to rcattrntul chUd-cart 
aaultMtiOA^ * 
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REQUEST FOR PAYMENT ON LETTER OF CREDIT^ 
AND 





STATUS OF FUNDS REPORT 


s. 


mctiom nequcrr rot nxmm 

«WMC. lIltMW (TWWt I I9MV9IM 1 NIXI'NIMIII 1 MHiHH Nt NdWMN 


AMOUNT MOUtlTPU 
• 


MM aMO MWWII Of U » AOCMCT 




t) Of WUWCN 




NAMC AMO ADOMU Of TJVAtUffY 

piwumino omct 


MAKE TMUILWT CMCCX FAVA1U TO* 










VOUCMtft AffMVCO (T—mn Vm O+hl 








CHICK MUMMR ft mm Vm OMr/ 



«CTtO* »— «TATW Or HOPAt fUHPt (M%* kU Cm+UUd By Owwrj 



1. TOXAAl FUND* ON JUNO 



■ d» r» .» < M *f f«-UM fw r«#*; 



X. A3* AOVAfCOffCCCIVCD. fttCAt YtAN TO OATt 



X AOO COLUCnOHt. MTUNOt, AND /OA MitGCtLAMCOUO MCOfTf 



*. Uti ACTUAL MMUMCttCMT*. NtCAL YIAA TO OATt 



I rCOCfULfUNMONMANOAT TMAtOf THIf AfQUCST 




7. AOO: AMOUNT Of TWO MQOCST FOA PAYMENT 



A. AOO* UNAAJO MQOtm fOA PAYMCNT FNCV10UALV tUAMITTCD 



1A. OUTfTANOtMO AOVAMCO TO tUMftANTCft— NUMOC* 



TOTAL 4 



UCUOH Ut—CLAUinCAnOH Or TrC AMOUKT Of TMi> HCQOCrr ^mt J« CfwpUlW fly Pi-awJ 



N f*OOAAAt, OAANT NO OA OTMCA ' 
tOCNTtrYtNO NO. 


AMOUNT 


PNOOJUM. OAAMT NO ON OTHtA 
lOOmrYiNO NO. 


AMOUNT 




f 




t * 



































































































































TOTAL {Must A$r— wiik Ammmt •/ this ftf***t /or Pfms+t) f 



MCT10W f»--C«nnCATlON (M utt B* C *mfUfd B y Dtuxht) 

I errtifj tAAt tfcu for Vtjxaful U» Uru dnwu lu tccvrUac* wltu tW term* And coAdlUotw of the Letter «f 

Cradrt riM4 AJ»d th*t the araou&t /or which dr»w» It proper for payment U the drawer or for credit to th« account of th*dr»w«r 
At Uw dnwr 1 ! bank. I ala* certify that the data rofortod a*wt m comet And Out Um Amount of th« Kaqucet for Ptyiwent u not 
n «mm af cutrmt a— da. h 
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MNATUM 


TITU 


OATC 


COUNTKAOIOMATUA* 


TfTLt 


•Mm* 

DtKAm. 

1 I'M* 


*u itn 

•*fy raw t-rooo 




♦>-w«n( ttm* t*py to TrMtwrjr OH 


Avim^ Off**. 


*oao 


•MO> 


ttVIOI 
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. FINANCIAL STATUS REPORT 

(FtUow vutnielions on Ik* beck) 


1. riOfAAL AMMO AHO M 




TIOMAL 


CITVKHT TO WHICH KFO«T IS •OOHOTIO 


» s rcociuL aauarr on othc 
HUtaOCT 


a \uunw\m% 


OMB Apprt 
No 8O-R0 


>V*J 

180 


pacc or 

| rAGC* 


-1 MCiniM 0— AHI2ATI0N I «U — «A»— 




4. CMPLOTtft tOCHTIf ICATIOM WUHACA 




$ MCmCMT ACCOUNT HUafl 


*a on tournrrutfi nunucr 

* 


C ( FINAL AJCKM 


rr 

□ no 


7. AA*4* 

O CMH Q ^CC*U*L 
















t. POMOO COVtAXD *T THW MJKMTT 












FROM |W»»U. As*. «*•<! 






TO (M*Mk.At».»~0 


FROM <W#*U. A*r. tMf) 


TO <W*M*. *« 




> 


10. 










" STATUS OF FUNDS 




PROGRAMS /FUNCT IONS /ACTIVITIES P» 


(a) 


(b) 


W 


<*) 


(*) 


f/J 


TOTAL 


tut outU/t prtwouily raportad 


% 


% 


$ 


$ 


% 


$ 






b. Total outtoyi tht* report period 






> 










e t>« 


Pro cram tncoma crtdrt* 


• 1 
















d. Nat outU/Stfwt report period 






















• N«t CH>tUfi to date 
' (Line * ptv$ hm d) 












1 








f, L**$: Hon Fadtral thara of outtayt 
















f. ToUl Fadaraltharo ol outlays 
ff.iu a minua hiu /> 








o 




■ lilt- 


\ 


h - Total uiMK)y>dat«d cbkjationi 
















I aVaa » Non fadtral slur* of unttquidatad 
obligations shown on l«a h - 










'K 






|. Fadaral ih«sr» of uftUquidatad obf'^atona 
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INSTRUCTIONS 



Please type or print legibly. Items 1.2.3,6.7.9, 10d. lOe. log! lOi, 101. 11a, and 12 are self eiplanatory. 
Specific instructions for olher jlems are Q follows^ 



tlem Entry 



4 Ente r the *mptoyer Went.fication number assigned by 
the U.S. Internet Revenue Service or F1CE (institution* 
code, if required by the Federal spontsfing agency. 

5 frit space if reserved for an account numbtr or other 
identifying numbtr* tha? may be assigned by the 
rec!p*nt. ' 

8 Enter the month,*day, and year of tr-e begmnlng and 
ending of this "project period, Tor formula grants th«t 
are not awarded on a project basis, show the grant 
period. 

10 The purpose of vertical column* (a) through t (f) is io 
provide financial deta for each' program,, function and 
activity in the budget at approved by the Federal spon 
vonng agency. If additional columns arc needed, use at 
many additional forms a* needed and Indicate 'page 
number in tpaca provided in upper rigtit; however, the 
totals of aM programs, functions or activities t hou'd be 
* shown in column(g) bt the fi*st pagev For agreements 
pertaining f to several Catalog cf Federal Domei'iC 
Assistance programs: tra;f dp.* *ot ^require' jMurthr 
functional or activity classification breakdown,- ente ; 
vV under columns (a) through (f> the MY of the program 
For grants _ or, other assistance agreernentscontefning 
multiple programs where one or more programs require 
;a further breakdown: by function or artnntyl-use.a 
> separate form for each program showing the applicable 
functions or activities \n the ^ separate/ colum ns .** For 
grants or other assistance a g^ments containing sev- 
i aral - functions orl activities , which; are; funded ~ f ton \ 
several- programs!- prepare Vseparet c , f om\ for each 
activity or/ function -when requested by" the Federal 
sponsonng agency. 

J- - v i ^ 

10a Enter v the nat^outlay.^This imount snodtd be the same 
.as the amount reported in tine lOe n*ohe last reporY 
If there has been en adjustment to the amount shown 
previously^ Pfcese attach expta nation. Show zero it this 
is the Initial report^ " * 

\ 

- *' r ~ »',, *• . "* ^ v "VA 

10b Enter' the total gross vrngram, outlays (less' rebates, 
refunds^and otherdistountsf foMhis, report period, 
including disbursements of cetri realized as prpgreni 
'ncome ,- For ,* report s'f that are prei« red 1 on ' a^ cash 
bevv outlays "ere thVsurp ot actual.casiT d*sbursc> 
merits fof v goods and services, the amount of indirect- 
expense charged, the 'value /of /In s.nd contributions 
applied. -end ' the v amount* 6l , cash /advances t and 
payments made' to contractors and aubgrenteev For 
reports prepared on an accrued expenditure bans, out 
lays are trie sum of actual, ceeh^diebursements/ the. 
amount of indirect ecpeme incurred. the, value of in* 
'kind contributions' applied, and the net, Increase (or 
decrees*) in the amounts owed by the, recipient for 
goods and other 'property received and for services 
performed by employees, contractors, subgrtntm, and 
other payees. , * ir 



/r>m Entry • 



m 

10c "Inter the amount of all program income realized in 
thij period truA is requ>red by the terms and con- 
ditions of the Federal e«era to be deducted from ttfel 
project costs. For report> p'eraied on a cash basis, 
enter the amount of cast* *accrne received duong tne 
reportinp period. For reports prepared on er\ accrual 
basis.; enter tne amount of income, earned since the 
beginning of the reporting period. When the terms or 
conditions alto* program income to be added to the 
total award, eipiam Jn-remarVs. the source.* amount 
and disposit-on oi the Income 

10f Ent" amount pertaimne to the non Federal share c* 
program out'a)s included »nthe amount on line e. 

10n * Enter tolal arnount o f uni qutdated ctl t*\ sns fcr th-s 
proract^or program, incljomg unliquidated obbget<ors 
to subgrantees and contractors, Unliquidated ob'iga 
ttons arc; " 

Cash bas.s~oyipations incurred bat no' pzid, 

Accrued expend ture basis— *bl-gatior.s incurred but 
for whch^'C^:'!/ tfn no*, been reco'dCd 

Do not include any amounts that have beer< <nctudc." 
on lines a through g On th» final report, lire h 5hcr J A 
have a ze*o balance 

lOj Enter thf Federa^sha^e/o^unltquidated obl«gdt<«n« 
shown on l*ne h The amount shown on thn tme s ^o-i.a 
be the difference between the amounts on lines h and r 

10k 1 Enter the sum of the amounts shown on Vnes g and j<, 
If the report H final the report Should not contain any* 
unliquidated obligations- 

10m Enter i*e unobl<gaied balance of Federal funds This 
^ amoun! shoakl be t*e difference between l»nes and I 

\ 

J lb *£nter rate in effect during th? reporting period. 

He Enter amount of the baic to which the rate was applied 

Ud Enter total amount of ind»rect cost charged during the 
report period. 

* < ' , * ,t - 
,1 le Enter amount of the Federal share charged during the 
report period, ~ % 

If mwe,than'one rate was appliei. ^unng the protect ~ 
pahod, include a separale -schedule showing'bases 
against which the indirect cost rates were applied/the 
res'^riivt indirect rates the month; day. end year the 
indii^ct rates ware in effect/ amounts of indirect e« 
pense charged to the protect, and the Federal share of 
indirect erper.se charged to the project to dale. 
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fom APprovid OMR No. 40**2410 
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School Lunch, Breakfast 
and 

Special Milk Programs 
MONTHLY REPORT 



K—4 IWlMl/CTJOKl mm * 



9 *s i«4ta 7443 



PLACE "X" IN 
■OX IF THIS IS 
AN ADJUSTCO 
CLAIM 



Chick for • (cursor •id make any chtnrt i.lMf cr* flrrr«#'>< 



AGREEMENT NUMBER: 



INSTRUCTIONS: S*tolp>rt#i»»al one copy (0 f*# FNS Regional Of Oct 
uthlch \w4mlnt*ten your program not later than the 10th of the month for* 
loving the month covered by tht claim. A copy mvutb* retained by the 
spontor. Record oil entriet In tht right mo4t potltioni tn the boxe* provided 
for tacffJttm 



Do not enter centt In Items 12c. 13. end 14 Allemount* 
mutt be rounded to tht neartit dollar. For example: 
$91.00 to $91.49 must be shown aa . 
$91. SO to $97.00 mutt be $hown a* . .... 
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NAT I ON A V SCHOOL LUNCH PROGRAM 

6. Total I of all lunch es served. to children 
» : (Including Iiemt land 8), . . , ; , , 



7. Toral reduced price lunches 



8. Total free lunches 

SCHOOL BREAKFAST PROGRAM 

9. Total ofsll breakfast^ served to children 
^(Including ttani 10 end ft) . . 



47 4J. 



10. Total reduced price breakfasts 



•1 _•* as as . ss . «* 



II. Toial free breakfasts . 



ct «a ss to 71 v. 



SPECIAL MILK PROGRAM (YEAR*ROUNO ANO SUMMER OPERATIONS) 



12. Number of pints served TO CHILDREN that were: 

(s) Paid for by children 

-(Do notin'chtde f H pints served 

with meals claimed above) 

• (b) Free to children approved for free milk 
(Do not include h pints served 

with meals claimed above) f \ %x 

* (c)* Total cost ofmUk purchased - — -■ — — 
(Cost of all H pints reported in 

1 2 daft'er discount/ • * 

(dj Total number of Vi pints of milk purchased 
(Include milk purchased for meat service as 
reported in Items 6 and 9) 



24 SS SS ST SS SS SO 



S S3 34- Sft 3S 3T 















fa* 



TOTAL COST THIS MONTH FOR ALL FOOD PROGRAMS 
(Includes $ la carte and Special Milk Program) * 



44 47 44 4S 



SI SS S3 §4 ss se ST 



INCOME RFCEiVED THIS MONTH FROM As U carte SALES. 
(Includes income from adult meaUand special functions) 

Estimate the number of children eligible for free snd reduced 
meals under the school's' approved eligibility standards « 
(March and October reports only) • 



7b- 



SS S3 «4 



D 



SS «S ST SS St TO 7T 



Number of children approved for free meals 
(Mutt be completed on alt reports) 



72 73 T4 TS -7S 77 7S 



Number of children approved for reduced price meals , 
(Must be completed on all reports) 



24 IS IS 27 SS SS 30 



1 CERTIFY that to the bett of my knowledge ond belief, tht* claim U tme ond correct tn oil retpeeit. that records are avatlabte (0 support thit claim, that 
la in accordant* with the terms of ex i* tin § Agrtement{;);and that payment there fot ha* not been received I recognUe that I will be fully retpomlblc for 
mveieeu amount* which may retult from erroneous or neglectful reporting here In 



IS SiQMATU*! OMtlMAif Of SCHOOL >OGD AUThOAiTT. »NtTl 

ti/tjon on sponsoring aocmcv 



MONTH OAT' rmmm 

I I I I I I I 



TS TS 74 TS 



t N4 t/U ONkV 

TT 71 7t SO 



ALL MCI »*Tt.*NVO»C»»7ANO OTMffn IViOCKCt 0' »U*C*4AJ1n)UST St MTAIN10 
AkO A V AltAlLl ton »U* T ».tM AUOiT 90* A »l»l00 Of 3 t|AMS ANOSmOMTmS A». 
ICS TMI CMO C9 IMS tiSCAL 10 WMlCMTMf T MnTAIN. 



mo rum mi n «*0N«t« on O'mim ttntttrt mat tc »aio out unoih 

TMlt f*OON*U UNLIM THIJ n|^0»1 lSCOM»ltT|0 *N0 tlllO *l 
niAUiMOSV iJOSTlNOnCOULATtOMS (7 C*JL ttO. lit, 73U 
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INSTRUCTIONS 



S» ECtAL NOTE: AN ADJUSTED CLAIM completely voids a& previous claims for the ume month. Therefore, >ou should indude 
■ « ALL of your reporting data for the entire month** operation. ' , 



CINERAL 

Report dtu for all programs in which ichooi, institution or camp 
pvtkipattt. Include data for one calendar month only, unless other- 
wte authorized by the Food and Nutrition Service Regional Office. 
Payment wfQ be computed by USDA based ou rates in effect. 



.Aft participants should oompkte sections of thss daba as they applv 
to yostf opentiotv YOUR CLAIM WILL BE RETURNED FOR COR- 
RECTION if not property completed BE SURE TO SIGS ASP DATE 

"PUS: CLAIM BEFORE MA/US'G TO AVOID d1la*!NG YoUfc 
fAYMOT CHECK. " 



/ 

Your agreement number has already' been entered on your 
ckim. Check'to be. sure it's correct: The agreement number 
can be found on your copy of ^the agreement. If it has not 
beet entered, please eater the agreement number. 

The name tad address as shown in your ag temeat(s) has been 
preprinted. Check for accuracy and make any changes that arc 



/ 

\ Enter the number of the month and year this claim covers. 

' */ ■ * " 1 V - 

Examples January 1979*01,79 ✓ ' 



4, 

5; * 



Enter actual number ofdays food and/or mstk was served. 

Oomput^ average daily .at tendeaoe by addiiig daily attendance ' 
.fee the month and dirkding that total by the number of days of 
operation during tlte same month. 
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NATIONAL SCHOOL LVNCH PROGRAM 

Enter total of ALL lunches served to children, including those 
served free and at a reduced price. 

Enter in Item. 7 the number of reduced price lunches served 
and in Item t the number of free lunches served. These repre- 
sent lunches served to children who are determined to be 
eligible for such meals under the school's approved free and 
reduced price meal policy sttternest. 



SCHOOL BREAKFAST PROGRAM 

9 Enter total of ALL breakfasts served to children, rncludin/ 
those served free and at a reduced price.. „ 

10-11 Enter in Item 10 the number of 'reduced price 'breakfasts 
served and in Item 11 the number of free breakfasts served. 
These represent breakfasts served AO children who are de- 
termined to be eligible for such "meals under the school's 
approved free and reduced price meal policy statement, 



12 SPECIAL MILK PROGRAM 

(YEAR- ROUND" AND SUMMER OPERATIONS) 

NOTE: This section to be completed by ALL Special 
Milk Program participants. 

a)- Enter total number c' 1/2 pints paid for by children. 
Do not include i72f>*nts served with lunch and/or break- 
fast. * 

,b) This item for schools or sponton approved for free milk. 
Enter number of I /2-pin u served to children epproisd 
for free milk. Do not Include 1/2-pinu served with lunch 
and/or breakfast. \ 

c) Enter the actual total cost of milk paid to milk distributor 
after discount; (Cost of all 1/2-pinu purchased as reported 
in Item 1 2d. Do not tu-zx cents. 

d) Enter total number of aU milk 1/2-pwts purchased :n- 
eluding that 'purchased for meal service as reported under 

./Items 6 and/or 9._ 



FINANCIAL DATA 

NATIONAL SCHOOL LUNCH AND/OR BREAKFAST SCHOOLS 
ONLY M 

- . -'4bV- 



NOTE: Do hot enter cenu in Items 13 thru 14; All ar-ounls must 
be rounded to the nearest dollar. For exempt. $91.00 to 
$91. 4 9, must 'be shown as $91: $91 .SO to, $92.00 must be * 
shown as $92, 



ITEM - 

13 Enter the total cost of operating all food service programs. 
Costs to be reported in this Item include cost of food used 
(inciudie^/makV gross wages, plus employers contributions 
toward aodal security, insurance, retirement, and other em- 

, ployee benefits. Also delude the.cost of^rspendable equip- 

ment; indirect costs, the cost. or depredation o'f nonexpend- 
able equipment purchased with nonfederal funds and any 
other cost of operating the food service. ' * v 

14 Enter all' income received from food service other than 
children's ptymttiti tot meals and 1/2 pints claimed in items 
6 thru 12. Include a la carte and adult payments as »ell as any 
contributions ' received from individuals, organization, and 
governmental or sponsoring agencies. Do not indude loans, 
advances, or payments received from USDA. 

NOTE: Please contact your FNS Regional Office if more 
clarification is necdsd regarding identification of 
eligible costs. 

15 On March and October reports only estimate the number of 
* . children eligible for free and reduced price mee.'- under the 

schools approved eligibility standards. 

16-17 Enter the number of children who have current and complete 
applications on Hie. and who have been approved for (tee and 
reduced price meal service as of the close of the reporting month. 

1 8-20 Must be completed for payment to be disbursed. 
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SUMMARY OF CHARTER. J 1 MhiHODS FO R ASSESSING 
THE NUTRITIO NAL STATUS OF 'CHILDREN 



In this- chapter we review the research methods used in assessments of 
nutritional status with an emphasis oh the iiteratx -e relevant to dietary, 
biochemical and anthropometric measurements of school-?-ige children. We also 
evaluate the strengths and. limitations of Shese methods in " terms of their 
potential use for a l arge-scale study of school a" tr i tion progr ams ♦ The 
* criteria "used are reliability and validity, "cooperation of subjects, 
feasibility in large-scale surveys, and cost. The Standards used to 
interpret the findings of nutrition surveys are also discussed, 

WHAT METHODS HAVE BEEN USED TO ASSESS THE NUTRITIONAL STATUS OF 
• SCHOOL, CHILDREN, AND WHAT ARE THEIR STRENGTHS AND L IMITATIONS ? 

To answec th'is question, several" subquestiols. were identified and the 
literature pertinent to each was separately reV.vwed. The questions and .the . 
major findings 6f the review are summarized below.. 

•J* * * - ^ 

** What Dietary Measures Have Been used to Assess the Nutritional Status of 
School Ch ildren .and 'ffhat Are Their strength's and Limitations? 

*• '-* * " - * * 

Dietary, methods provide, information about the kinds and quantities of foods. 

•consumed bv individuals arid ^groups of subjects. Methods commonly used in 

surveys? include the ' 244iour recall, weighed food record, estimated food 

record," diet history and food- frequency. 

In: the 24-hour recall method, subjects attempt to remember the kinds and 
.quantities of foods eaten during the previous 24-hour period. The 24-hour- 

recall is generally accepted; as a valid' method for obtaining quantifiable 
.dietary information from groups (Young et al., 1952b; Chalmers et al., 

1952). It cannot be used to assess the dietary intake of . individuals, since 



variations in the diets of most individuals are too great to reveal the usual 
or typical intake in a one-day period (Chalmers et al., 1952; Balogh $t al., 
1971). 

There is evidence that the 24-hour recall method can be used with children 
-who are at least nine years of age, but that younger children may not ba able 
to provide accurate information on either the kinds or quantities of foods 
they have eaten (Emmons & Hayes, 1973). Some research suggests that mothers 
My~be^o~bettel^^ "food intakes of their 'children (Emmons 4 

Hayes, 1973; Youlod 4 Engle, 1976). Therefore, it is recommended that the 
mother (or another knowledgeable caretaker) and the child be interviewed 
together when the 24-hour recall is used with children under nine years of 
age.. 

There; are a* number ' of protocols for the 24-hour recall that can be adapted 

fpr use in an evaluation of school nutrition programs! Protocols from the 

Health and Nutrition Examination Survey (Youland 4 Engle, 1976) Xnd the 

Bogalusa Heart Study (Frank et al. , 1977) have been" used-, on .large samples 

-Which included school ~age" "children and" have been tested fop' reliability. 
\ * * » . * ^ 

Both protocols include probing questions and food moaeL? to improve the 

subject's ability to recall foods eaten during the previous 24 hours and 

estimate the size of portions. 

The* 24^hour recall is subject to certain limitations. Compared with other 
dietary assessment methods, the 24-hour recall underestimates nutrient intake 
(Adelsbn, 1960; Acheson, ' 1980; Thompson, 1958; Madden et al., 1976). 
Consequently, the 24-hour, recall will overestimate the prevalence of low 
intakes in the population compared with dietary standards (Hegsted, 1975). 
.Also, the 24-hour recall has been shown to exhibit a phenomenon called the 
"flat-slope syndrome" (Gersoyitz et al., 1978). This occurs because 
individuals with low intakes tend to overreport and individuals with high 
intakes tend to underreport their true consumption. As a result, differences 



in the average intakes of groups may be underestimated when intakes obtained 
by the 2*J-hour recall are compared. 

Weighed or estimated food records can also be used to assess the dietary 
intake of groups, and may yield valid estimates for individuals, provided 
that the period of observation is suf ficiently \ong. In the weighed method , 
investigators cjr the subjects 'themselves weigh food items on a scale and 
record quantities at the \kme food is eaten. In the estimated method, 
subjects determine the quantities of food consumed' using household measuring 
devices such as cups and spoons .instead of scales. ! 



Chalmers et al.' (1952) suggest 'that it may be necessary to keep records for 
periods up tb IV consecutive days to obtain estimates of calories,, protein 
and most vitamins arid minerals, for" individuals. This time period is 
necessary to ensure that the measured intake of an individual is within 15 
percent of actual 'intake. Longer "periods may be required for nutrients such 
as. vitamin A, ascorbic 1 acid, -sodium and cholesterol, which exhibit large 
day-to-day "variations in the diets' of individuals. Season of the year can 
also affect intake. Tb compensate for 'this factor and; to obtain- =a more 
lohgrterm estimate of individual intake, some investigators recommend taking 
repeated one-day measurements (either^ food records or 24-hour recalls) on 
random days each month dver an entire year (Balogh et al.', 1971). 

The diet history has also been useO to assess the dietary intake of 
individuals (Beai, 1976; Mann, 1962; Reshef et al., 1972). Protocols vary; 
however,- the!, original method consists of an assessment of . the individual's 
social and medical history and a recall of intake for a typical day, which is 
validated by a cross-check on the frequency of consuming, various kinds of 
foods and a. three-day food record (Burke, 1917). As with the 24-hour recall, 
food models are used to assist the subject with the estimation of portion 
sizes (Moore et al.*. 1967). The method has been used in longitudinal studies 
with children (Betl, 1967). It appears that the diet history tends to 
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overestimate nutrient intake compared 'with weighed or estimated food records 
(Young et al. 1952a; Lubb, 1968). ' 



\ 



The food^ frequency method has beenfftsed as a validation procedure for the 
2**haur recall" (Youland, & Engle, 19*6) and independently t? obtain estimates 
of the usual' intake of V -individuals (Balogh/ e t al., 1968; Wahamson et al., 
1963; Wiehl i Seed, 1960). l n this method, subjects are asked how often 'they 
consume foods on^a specified list'.' Some studies also assess the typi6al 
quantities confined. Researchers j testing, this method*, have generally 
.concluded that 'while the food frequency can 'be used to obtain qualitative 
information about the kinds, of foods' eaten' (Stefanik 4 Trulson, 1962), it 
cannot, provide accurate 'information < on quantities. (Epstein et al., 1970; 

, 1979). There Is no .evidence ' in the literature that children are 
ride reliable and valid data using the .food frequency method. 



Hunt et-al; 
able to pro 



The -analyses of dietary data can take Several forms. Some analyses seek only 
to evaluate the number of servings eaten'-'from various food groups. Jhi3 
gives .only/ a crude estimate of the adequacy of dietary intake (King et al., 
•1978). 

«. " * 

To obtain more precise estimates, quantities of foods reported by the 
subjects are converted into their nutrient equivalents. The most accurate 
means of obtaining these estimates is to perform chemical analyses directly 
on the food; however, the use of food composition tables that compile 
nutrient data from previous, research is the only practical method in surveys 
involving large numbers 'of ' subjects (Marr," 1971). Computerized data • bases 
fbr food .composition contain values from the U.S. Department of Agriculture, 
food manufacturers and other published sources. Not all data bases contain 
values for all nutrients, and "therefore they var^in their scope, validity, 
and- completeness. Data on nutrients such* as folic acid, sodium, magnesium, 
zinc., copper, and vitamin E and on fiber vary considerably according to 
source. 



104 



The /commonly accepted method of evaluating nutrients available from dietary 
intake is to compare them with the Recommended Dietary Allowances (RDA). The 
RDA/Ire guidelines set by the Food arid Nutrition Board of the National 
Academy o' Science. According to the most current research on nutrient 
requirements, these guidelines are believed to provide adequate nutrition for 
most healthy persons in the United States (National Research Council, 1980). 

pen intakes of "the subjects are compared with the appropriate RDA for age 
^nd, sex, estimates can be made of the proportion of the population whose 
/intakes fall below recommended levels f«. eacn nutrient. This gives an 
indication of the risk for malnutrition exhibited by the group; however, 
individual intakes that do not meet the RDA cannot necessarily be judged as 
deficient. Further information from biochemical, clinical and anthropometric 
assessments is needed to evaluate the status of individuals. 

B ' What Biochemical Measures Have Been Used to, Assess the Nutritional status 
of School child ren and What Are Their st rengths and limitations ? 

Biochemical analyse^ of blood, urine,, hair and saliva can provide evidence of 
specific nutrient levels in the body. Tests are performed to assess the 
status cf protein, vitamins and minerals. Not all analyses are appropriate 
foi> large-scale field, surveys (Christakis, 1973) • 

■» * 

Iron deficiency, as a cause of anemia in children, is assessed in almost all 
surveys. Of the various methods of assessing iron status, the two tests that 
are performed most often are hemoglobin and hematocrit determinations. 
Hemoglobin is an iron-containing substance 'in . red blood cells which 
transports oxygen throughout the body. Hematocrit is a measure of the packed 
volume of. red cells in a specified quantity of blood. In iron deficiency, 
both of these measures are reduced. 

Although hemoglobin and -hematocrit tests are both well standardized, and 
relatively inexpensive, they have limitations. Impairment' of. hemoglobin 
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synthesis and of the formation of red blood cells occurs when body stores of 
iron are low. Therefore, reduced hemoglobin and hematocrit values occur in 
the relatively late stages of iron deficiency (Koerper & Dallman, 1977), 
There is also evidence that standards "currently in use for hemoglobin may not 
be , appropriate for black children (Dallman et al. f 1980). Hematocrits . are 
considered to "be less reliable indicators of iron status because they 
frequently produpe false negative results when used to diagnose anemia 
'(.Center for Disease Control, 1977). 

Serum ^ferritin is a more sensitive measure of iron status because it /measures 
iron stpres (Woodruff, 1977). The major limitation of the method for use In 
large-scale studies is the cost and availability of laboratory equipment 
♦-needed 'to perform, the analysis (Dallman et al«, 1980). For this, reason, 
serum ferritin has not. been assessed In large-scale nutrition surveys. 

Other biochemical measures can be used to identify children at risk of 
deficiencies of nutrients such as protein, vitamin A, ascorbic acid, thiamin, 
riboflavin, and trkce minerals .(e.g., .copper and zinc). The findings of 
surveys that have assessed these nutrients in children and examples of 
nutritional disorders that result from deficiencies are discussed in Chapter 
III. Tests using samples of hair or saliva are available, but tests using 
blood or urine, samples >are either the^most valid means of assessment or the 
most practical methods in large field studies (Pearson, 1962; Hambridge,. 
1973; Greger & Sickles,- 1979-)-. - 

Serum levels of protein and vitamin A are indicators ok long-term status. 
Levels are generally not reduced until body stores arte depleted; both 
measures can be affected by factors, such as infection, which are unrelated 
. to nutrition (&auberlich, 1974). 

j> 

Serum levels of ascorbic acid reflect recent dietary intake (Sauberlich, 
1974) . Therefore, this measure can fluctuate in individuals more rapidly 
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than _ levels~of-stfMiin- protein or vitamin A. Tests that measure the 
long-term status of ascorbic acid are too expensive to be used in the field 
(Pearson, 1962). 

Ifjerum protein, ascorbic acid and vitamin A have been assessed in large-scale 
surveys, and standards exist for the evaluation of data from children. Serum 
levels of trace minerals have not been assessed in any of the major 
large-scale nutrition surveys in the United States. Also, standards for zinc 
and copper levels in children are not well established. 

Thiamin and niacin are usually assessed by the levels excreted in the urine. 
These levels fluctuate during the day and may' be influenced by 
non-nutritional factors (Sauberlich et al., 1974). More valid tests using 
blood samples are not feasible in large-scale surveys. 

Recently, there has been considerable interest in the use of biochemical 
methods to. evalteee the effects of excessive consumption of dietary 
constituents such as cholesterol, fat, and sugar. The relationships between 
dietary intake and blood levels of these constituents in children is 
currently bging investigated in several long-term studies (Berenson, 1980). 
Until more is known about these relationships, it does" not appear reasonable 
to perform biochemical 'assessments of these constituents as measures of 
School nutrition program impacts. 

The collection of biochemical samples is inconvenient and, in the case of 
blood, painful for., the subjects. The potential for high rates of 
noncoopenation is a major drawback in the use of biochemical methods. Legal 
problems can also be encountered in attempts to collect biological samples 
from children at school. Depending upon the tests being conducted, the 
reliability of results from different laboratories can be poor, if proper 
procedures, are not taken for standardization (Christakis, 1973). Cost can 
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also be *a factor if specialized laboratory equipment must be purchased for 
the study, - 

c * W hat Anthropometric Measures Have Been Used to Assess the Nutritional 
Status of School Children and What Are Their Strengths and Limitations ? " 

Anthropometric measures are used to assess the sufficiency of calorie and 
protein intake as reflected by the growth and development of children (Roa & 
Singh, 1970). Height and height ^ measure body size, Fatfold and 
circumference measures are indirect indicators of 1 body composition, ' Other 
techniques such as radiography, ultrasound and ' laboratory methods .also 
provide evidence of body * composition, but at present^ these methods are 
either too expensive or impractical to use in large field surveys (Haas, 
1979)- x _ — — 

Standards from the National Center for Health Statistics are available for 
interpreting height-for-age and weight-for-age of .children up to 18 years, 
and weight-for-height up to the age of 10 years in girls and 11-1/2 yearjs in 
boys (NCHS, Ser. 1,1, No. 165, 1977). There are no comparable standards for 
fatfold and circumference measures, l?ut several sets of reference data, such 
as those froin the 'Ten , State Nutrition Survey and the various cycles of the 
Health Examination Survey, can,,be used. 

In adHition to comparing anthropometric data with standards and data from 
reference populations, the various measurements can be used in indices and 
equations. Indices such as the "ponderal index" assess relative weight by 
controlling the effects of height on overall body mass. Equations using 
height, weight and triceps fatfold attempt, to predict the weight or 
percentage of total body fat.. Equations using the triceps fatfold and the 
'mid r upper-arm circumference estimate muscle size, ,The indices and equations 
contained in published reports should not be used unless they are derived 
■from nationally representative samples of children or from samples similar in 
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age, sex and genetic characteristics' to the population being studied (Smith 4 
Boyce, 1977; Durant & Linder, 1981), 

The major validity problems encountered with anthropometric measures focus .on 
whether cross-sectional or longitudinal data are being examined and whether 
standards are applicable to all racial-ethnic groups, 

% Cross-sectional data can be used, to evaluate the status of individuals and 
groups of prepubescent children. At puberty, children experience spurts' in 
height and weight which vary in onset, duration, and intensity, .The onset of 
this .growth spurt depends more ^on biological age than on chronological age. 
Consequently^-stUdies^assessing growth" of individuals during adolescence 
cannot make valid interpretations * for height and weight without data on 

^biological age (NCHS, Ser. 11, No. 132, 197*0. There is evidence that 
interpretations of fatfold measurements during this period require data oh 
biological age as well- (Young et al., 1968). Such data are not necessary in 
crosarsectional studies of. groups containing adolescents if it \can safely be 
assumed that the patterns of sexual maturation in- the group do not differ 
from- the reference population; however, in longitudinal studies, biological 
age should be assessed. Longitudinal studies" shouid also control for the 
normal growth that takes place between data collection points, as well as 
seasonal variations that are known to occur in growth in height (Prader et 
al.\ 1963) and weight (Malina, 1971)?, 

Genetic factors can also confound the interpretation of anthropometric data, 
differences in height, weight and fatfold measurements have been discovered 
among black, white, Asian, and Hispanic children, suggesting that different 
sets of standards for the evaluation- of , nutritional status may be required 
(Gam, 1979; Zavaleta 4 Malina, 1980). While this issue is of theoretical 
importance, no separate standards by race currently exist. 
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Me^ureinent error can be a major reliability problem, in anthropometry, 
especially when several, teams of data .collectors are used in the slirvey 
* (Gavan, 1950; NCHS, Ser. 11, No. 120, 1972). Quality control and~~training 
procedur es are important features in the design of .anthropometric studies, 
(Zerfas, 1979). These factors can add to the cost of anthropometric methods; 
however, in general, these methods are less expensive than those used in the. 
collection and analysis* of diet ( ary and biochemical -information. There are 
few reported problems in obtaining anthropometric measures from children, but 
.some adolescents may refuse to^ submit to an examination to determine^ 
biological age. „ " 

DISCUSSION AND RECOMMENDATIONS, 

Cross-sectional;:' studies of the nutritional impacts of school nutrition 
"programs should "be conducted on nationally /representative samples -of 
children. The recommended methods of nutritional, status . assessment are the 
24-hoiir recall of dietary intake and anthropometric measures of height, 
weight, triceps fat fold and mid-upper-arm circumference.. Biochemical tests 
are not recommended, due to potential - problems of cooperation of subjects, 
cost consi^rafcions , and tKe limited value of biuchemical data in assessing, 
program impacts 

Longitudinal studies can also be. conducted to assess program impacts, but the 
logistics of such studies may make_ it, impossible to conduct - them on 
nationally representative samples. However, longitudinal studies potentially 
can provide information about .changes in the. nutritional status of individual 
children as a result of program participation ."which" cannot" be provided by 
cross-sectional data. In~ such studies, the diet history should be used in 
place of the 24-hoiir recall as the means ~of dietary assessment in order to 
obtain a more valid estimate, of typical intake. The same anthropometric 
measures as those used in cross-sectional surveys are recommended, but the 
anthropometric measures should be accompanied by growth histories and, if the 
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sample Includes . adolescents,- by examinations < for biological age. To the 
extent possible, biochemical measures should be used to identify children at 
risk, of nutrient deficiencies. . Assessment of iron status, should receive 
priority. Serum ferritin is the preferred, method of assessing iron stores. 
Hemoglobin or hematocrits may also be included to diagnose ' more severe 
deficiencies.' Depending on the population being studied, biochemical tests 
might also include serum protein, vitamin A, ascorbic acid, copper or zinc. 
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CHAPTER II. METHODS FOR ASSESSING THE Nl/TR ITIONAL 
■" STATUS OR CHILDREN 

Joyce Vermeersch 

INTRODUCTION . » - 

Purpose of .the Review * - 

\This chapter is a review of the literature on" methods of assessing the 
nutritional' status of schooirage children. It is, intended to provide 
background information for - evaluating the strengths and weaknesses .of 
•existing research investigating the impacts of school nutrition programs on 
nutritional status of participants." It. also selves as a basis for 
selecting apprdpria^•l9etfi6ds-tb%Se in future; studies of these .programs. 

?Ke review is limited to methods that are commonly used in field surveys ♦ It 
; d 9??r:hpt\ include v methods that are used .primarily in. metabolic laboratory 
Research or-<as diagnostic tests in ^hospitals, 

Reference^ were selected 'from bibliographies in recent review, 

articles and textbooks on nutritional status assessment/ The list of 
references is not exhaustive, "but it includes the major works that have 
, contributed to the. field. * ■ / 

References "dealing with the nutritional assessment of children are discussed 
in, detail • Method? developed from studies of kdult -subjects are also 
discussed. These references *arg included because some methods of nutritional 
•status, .assessment have not .been sufficiently investigated in children; 
studies; involving, adults, provide the only available information-.' 
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Definition of Nutritional Status 

- F °r purposes of this review, nutritional status is defined as "the health 
v *cpAdition of an individual * as influenced by the intake and utilization of 
-nutrients* (Christakis, 1973,). Poor nutritional status v or "malnutrition" can 
♦result from either .a deficiency or an excess of nutrients; in relation to body 
-requirements. The body's requirements for 4 Xhutrien\s. are influenced by a 
number of physical factors such \s age, sex, body size, and physiological 
Estate; ^ Some requirements are further influenced by the level of physical 
activity and the environment in which a person lives (National ^Research 
.Council, 1980)}* 

The development of malnutrition progresses in stages. It begins with 
improper dietary intake; .this is followed by alterations in the level or 
activity; of nutrients in the body. These alterations- progress to the 
k aPP$ir?nee" -of the clinical symptoms of disease and, ultimately, permanent 
disability or aeath (Hegstedi^i975). " - * • 

^ Measures of Nutritional Status ' { 

J .. 7, . - . \ ^ 

Nutritional status is a complex dynamic biological state. It cannot be . 
measured directly, but must be inferred^ from the examination of a combination 
of indirect indicators. The indicators that have been used, to measure 
riutniti^nai status parallel the natural history of malnutrition. They are 
-traditionally--- classified as dietary, biochemical, anthropometric, arid 
clinical methods of assessment. The relationships between the various 
parameters and measures of nutritional status are diagrammed in Figure II-1. 

Dietary methods determine s the types, quantities, or frequencies of foods* 
consumed by individuals or groups in order to describe the general quality of 
the .diet on to estimate the amounts of nutrients available from food. 
Amounts of nutrients available from food can be compared with standards .for 
dietary intake that are derived from research on human nutrient. requirements. 
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Figure II-l. Interrelationships of the Four^ Methods 
for the Assessment of Nutritional Status 
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.Biochemical methods evaluate the adequacy of dietary intake and the 
utilisation of nutrients 4 as reflected by .tjheir observed level and activities 
in the body* ^Some biochemical measurements refer to short-term dietary 

intakes, while others^! represent more «l'ong-term nutritional status. The* 

« ' v t 

standards used to interpret .biochemical, information are derived from the 
jiistribution of values in a "healthy" population and from studies designed to 
determine the levels that maintain healthy individuals free of clinical 
disease, * ' _ 

- \ \ , 

Anthropometric methods are usually classified as a subcategory of . clinical 
methods, since both anthropometric and clinical methods look for physical 
signs and symptoms of malnutrition. ^Anthropometric methods typically assess 
the general effects of over- or'' undernutrition on growth and development. 
Clinical methods look at the appearance of such things as hair, eyes, skin, 
mouth, and nails to detect signs of specif ic nutrient deficiencies. Clinical 
methods also include examinations of dental status and the skeletal, 
inuscBlar, and gastrointestinal systems. Heart rate, blood pressure, nervous 
reflexes, psychological stability, "and other indicators of general .health 
. status- can also be assessed (Christakis, 1973). 

Anthropometric standards are derived from the distribution of characteristics 
in the* population. Depending on the method of assessment, clinical standards 
are based on population distributions of the variables of interest or are 
inferred from what is considered to be "normal." 

Anthropometric and clinical, findings are indications of long-term nutritional 
status variations, but the signs of malnutrition may not be specific; that 
is, they may be related to non-nutritional factors and, therefore, may not 
correlate well with dietary or biochemical data, (Christakis, 1973). 

Because dietary, biochemical and clinical-anthropometric measures represent 
different dimensions of nutritional status, no single method can be used to 




-determine- the nutritional status of an individual. Combined data from all 
methods must be viewed in light of an individuals medical history, 
environment, and current health status before a diagnosis car. be made. * 

Similarly, the prevalence of malnutrition in a population cannot be estimated 
from one set of measures alone' and, although dietary, biochemical, and 
clinicai-anthropometric measures are' not completely independent, there is 
currently no way to combine them into a single "index of nutritional status" 
(Christakis, 1973). Furthermore, while some segments of the population may 
exhibit po.or dietary intakes or low biochemical values,, it is not possible to 
s Sfig did ^ from ^ese values\what proportion of the population is likely to 
exhibit overt signs' of malnutrition. For these reasons, dietary, 
biochemical, .and clinicai-anthropometric data from nutrition surveys are 
generally analyzed separately and attempts are seldom made to correlate one 
set of data with another; Consequently the. various separate measures of 
nutritional status can' only be used to indicate .the degree of "risk", for 
malnutrition that exists in the population. The actual extent of 
malnutrition or the identity of individuals who exhibit it cannot be known 
unless additional data necessary to classify individuals are obtained. 

Criteria for Selection of Measures 

~ ; ] ^ : * f 

Several criteria can be used in sel~ ting measures of nutritional status for 
large-scale surveys of school-age children. These include the following: 

• The methods must be vllid indicators of the nutritional status of 
Individuals or groups * depending * on the level of data analysis 
planned for the study .\ 

• The Methods should yield reliable data. 

. • Standards for the interpretation of data should be available. 



The procedures for collecting data must be feasible for large 
numbers of subjects under field conditions. 



The collection procedures must be acceptable to children, parents 
and school authorities so 
be willing to participate. 



and school authorities so that a sufficient number of subjects will 



The collection procedures and methods of analysis should be 
relatively inexpensive. 



In >the following sections of this chapter, these criteria are used to 
evaluate the various dietary, biochemical, and clinical-anthropometric 
methods of assessing nutritional status. * 

The \ .usefulness of any measure of nutritional status-rwhether dietary, 
biochemical, or clinical-anthropometric— depends primarily upon its 
re liability and validity. Validity, refers to the ability of the indicator to 
measure accurately what one is attempting to measure. A critical component 
of the validity of measures of nutritional status is their specificity — that 
is,, the extent to which\ the measure is free of confounding influences that 
ar? .hot related to nutrition. In studies of impacts of nutrition 
intervention programs, an additional consideration for the validity of 
measures* is their sensitivity — how well the measures are able ,to detect 
changes in the nutritional status of individuals or differences between 
population groups. Habicht et al. (.1979) have pointed out: ^^/^ 

Sensitivity has different components depending on whether the 
indicator is used\as a continuous variable to calculate means or to 
enumerate the proportion of malnourished persons in the population, 
the sensitivity of the population, means is a composite of the 
sensitivity of the indicator -in individuals. When the indicator is. 
less sensitive to a given change in nutritupe among better nourished \ 
than- -among poorer nourished individuals, it is clear that the 
sensitivity of an indicator in a population will be different 
depending on whether or not malnutrition in that population has a 
*' high or low prevalence. Measurement sensitivity also depends on the 
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distribution of changes in nutriture within a population so that the 
same population's response to nutrition intervention may be quite 
different depending on how that intervention is distributed in the 
^ population (pp. 378-9). 

These are important points for the selection of measures to assess impacts of 
programs, such as school lunches or breakfasts, which account for only a 
portion of the total food* intake of participants. They suggest that the 
school nutrition programs cannot be expected to produce dramatic effects over 
^relatively short periods of observation. Moreover, since few American 
children show signs of severe malnutrition, the likelihood of demonstrating, 
program impacts will depend on the choice of measures that ai?s most sensitive 
to modest changes or small differences in the. prevalence of nutritional 
problems in a' relatively well-nourished population, 

» 

"Reliability 1 ^ is general ly de fined as the reproducibility of a measure. Good 
reliability is evidenced when the same results are obtained from repeated 
measurements on the same individuals. Reliability is, a function of technical 
-errors / made in the process of measurement by the instruments, the 
investigators, or the subjects, and r of the so-called "biological" or 
intraindividual variation — variation in the Same individual over time that is 
not due to technical errors. According to Jtegsted (1975), few attempts have 
been made to define the magnitude of these, kinds of errors in estimates of 
nutritional status. Nevertheless, measurement errors and intraindividual 
variations can affect the selection of methods for determining .impacts of 
school nutrition programs in several ways, - t 

V 
v 

The more sources of measurement ~ error that are introduced, the -less 
confidence one can have that the values obtained represent a ",trufe" result, 
K If the values obtained from a nutritional* status .measurement cannot be 
considered absolute, it becomes impossible to classify individuals in 
relation to standards that use "cutoff points" to define nutritional 
problems, 'since there is a high probability that an individual will be 
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miscla "sified.- As a result of the inability to classify individuals 
accurately , It becomes difficult to estimate with* confidence the proportion 
of the population at risk of malnutrition or the number who could potentially 
benefit from nutrition intervention programs. Evaluation of program impacts 
is limited to comparisons of the distribution of values among subgroups on 
the assumption that - measurement errors are constant. "The discovery of 
significant differences among subgroups- does not necessarily indicate that 
the program has Resulted in improved, nutritional 'status, and may therefore 
have little practical meaning for public policy decisions. 

Measurements that are subject to high degrees of intraindividual variation 
can further complicate the analysis of results. 'They will be imppseible to 
use, in analyses that attempt to determine program impacts otf^indi vidua Is 
% unless baseline data are gathered prior to program participation/ In group 
comparisons, a high degree of intraindividual variation on measurements will 
produce large standard deviations which may obscure real -differences ia 
nutritional status among thev groups. ' m 

Nutritional \status measures may be highly reliable and valid fqr determining 
impacts of nutrition intervention programs, but may be unsuitable for othor 
reasons. The demand for generalizaj^e results requires that studies of 
program impacts be conducted on aL>representative sample of the population., 
Methods that place heavy burdens on subjects for data collection or are 
otherwise unacceptable will affect cooperation and the rate of; response. 
large numbers of subjects produce unusable data or* decline to participate, a 
biased sample, will result.. * ^ 

The feasibility and cost of conducting large-scale field surveys must also be 
taken into account. Components of feasibility and cost incite the 
availability of equipment, facilities, and materials for data collection and 
analysis, the level of expertise required of data collectors, and the time 
required for training , standardization , data collection , and analyses 
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procedures. There are no absolute criteria for evaluating the feasibility 
and cost of methods of nutritional status assessment.. Decisions regarding 
feasibility and cost are usually made from a trade-off analysis between the 
reliability and validity of various measurements in relation to ethical, 
environmental, and budgetary constraints. 

Organization of the Chapter 

The following sections of this chapter review the available literature on 
methods of nutritional status assessment. The unifying question throughout 
the review is:. 

HHAT METHODS HAVE BEEN USED TO ASSESS NUTRITIONAL STATUS OF SCHOOL CHILDREN, 
AND WHAT ARE. THEIR STRENGTHS AND LIMITATIONS ? 

Dietary, biochemical, and clinical-anthropometric methods are discussed 
separately. The methods of data collection, analysis and interpretation that 
are commonly used for each of these parameters of nutritional status are 
described and the literature concerning validity, reliability, cooperation of 
subjects, feasibility, and cost is reviewed. Conclusions are drawn regarding 
the suitability of methods to assess the nutritional impacts of school 
nutrition programs. 

The review emphasizes dietary and anthropometric methods of nutritional 
status assessment. The discussion of anthropometric methods focuses on 
measures of growth and development in children. Biochemical methods are 
reviewed in less detail. Anticipated problem^ of cooperation, feasibility 
and cost in large-scale surveys, together with the findings of previous 
research, suggest that biochemical measures are of limited value in studies 
of school nutrition programs in the United States. Readers who wish to 
obtain a more comprehensive evaluation of biochemical methods are referred to 
the textbook on Laboratory Tests for the Assessment of Nutritional Status by 
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Sauberlich et al., (197*0. Methods that seek to discover clinical signs of 
disease caused by deficiencies of specific ^nutrients are not reviewed at 
all. Since these deficiencies have a very low prevalence among American 
school children, they offer little promise for the detection of impacts of 
school nutrition programs. A comprehensive review of clinical measures of 
dental health and the general health status of children is beyond the scope 
of this report. 

A- What Dietary Methods Have Been Used to Assess Nutritional Status and What 
Are Their Strengths and Limitations? 

OVERVIEW % 

Survey techniques that have been developed to assess dietary intake have been 

classified by Acheson et al. (1980) according to the means of data 
collection, as follows: 

• Indirect determination of group consumption such as inspection of 
family food budgets, larder inventories, or agricultural production 
statistics; 

• Direct measurement and recording of food as eaten by individuals; 

• Recall by individuals of their past food consumption. ' 

^>f these three types of techniques, only those that take data directly from 
individuals are appropriate 6 for a study of school nutrition program impacts. 
Indirect methods that aggregate data from groups do not allow data to be 
separated according to the participation statuls of individuals who comprise 
the gfoup. Although indirect aggregate' methods may be appropriate for 
studies of food waste in school nutrition programs, such studies are beyond 
the scope of this review. 

\ 
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The most common techniques for direct measurement and recording of food as 
eaten are the weighed food record and the estimated food record. Recall 
methods usually take one of three forms: (1) recall of food consumed during 
the past 24 hours, (2) diet history describing the subject's usual intake, 
and (3) food frequency questionnaire indicating how often items on a 
specified list are consumed. 

Each of these dietary methods is potentially suitable for the assessment of 
school nutrition program impacts. The methods are described in the following 
sections, together with examples of protocols from large-scale studies that 
have used these methods to collect dietary data from school-age children. A 
review of literature follows, bearing on the cooperation of subjects, 
reliability, validity, feasibility, and cost of the various techniques. 
Additional discussions cover the interpretation of dietary data, including 
procedures for determining the nutrient content of food and the availability 
-.and use of dietary standards. 

DESCRIPTION OF METHODS 
Weighed Food Record 

The weighed food record has been variously called the recipe method, the 
individual inventory and the precise weighing method (Pckkarinen, 1970), The 
principle of the method is that all food used at home is weighed prior to 
eating and food waste is weighed after the meal. The amount of food consumed 
is calculated by the difference between the amount prepared and the amount 
wasted. The amount consumed is immediately recorded, along with the name of 
the food and, where applicable, details such as brand^N^rm of purchase 
(e.g., fresh, frozen, canned), and method of preparation. For combination 
dishes such as stews or casseroles, recipes are given that include amounts of 
ingredients used during preparation. 
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The weighed food record is kept for all food , beverages and snacks consumed • 
during the survey period. When the method is referred to as the "precise" 
weighing method, the actual weighing of food is done by the investigators 
(Marr, 1971). Subjects can also be taught to weigh their own food. In this 
case, 'the method is called the reoipe method or individual inventory. This 
form of the weighed food method is most commonly used in field surveys. 

Although the weighed food method aims for a complete record of all food 

*** 

consumed, it is rarely possible for subjects to weigh all food eaten away 
from home. In most studies, subjects are asked to estimate the size of 
portions of food eaterv away from home. 

The number of days that foods are weighed directly affects the reliability. 

and validity of results. This is discussed at length later in this section. 

In studies using weighed food records, periods vary from 1 to 28 cdhsecutive 

it- 
day s. For most studies, subjects are asked to keep records for one week. 

Some studies using the weighed food method have collected seven-day records 

at several periods during a given year. 

*■ 

Estimated Food Record 

\ 

This -method is sometimes ( called the "household measure" method (Burke & Pao, 
1976). The method requires subjects to \reeord foods eaten during the day but 
does not require them to weigh the foods on a scale. Instead, amounts are 
recorded in household measures such as cups, glasses, tablespoons and 
teaspoons. Foods that cannot be measured by volume (e.g., meat cuts, bread, 
pieces of cake) are expressed as common units (e.g., 1 slice) or are 
described according to .size (e.g., cake 2 inches square). In most studies 
subjects are asked to actually measure the quantities of food served minus 
those left over , taking the difference as £he amount consumed. Standard 
measuring cups, glasses, spoons and rulers are supplied to subjects for this 
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^ purpose. In other studies, subjects use their own measures or estimate 
-amounts consumed by merely "eyebajling" the portions. * 

As, With the* weighed food method, amounts of food consumed are lisTed on the 
.estimated record as they are eaten. .Details regarding form of purchase and 
■preparation are also supplied. The various periods for data collection are 
•similar to the nweighed food record. % 

24-Hour Recall k x 

-The recall method retires 'subjects to state- the kinds and/or amounts of food 
th f t they, have consumed in .the recent past. The recall period may be -for two 
or more days, a week, or even two weeks or more, but the -most common period 
is: the 2» hours immediately prior to data collection (Pekkarinen, 1970). The 
recall method can also be used for portions of a day or a single meal. 

Some- studies call for a simple listing'of menu items, but most .studies ask 
fopmounts as well as descriptions of the form aVd preparation of the food. 
In. such .cases, the kind of information -sought is identical -to that obtained 
from an- estimated food record, ^he difference is that instead of Jasuring' 
the food as eaten, the subject tries to remember what was consumed. The 
information^ -can be. obtained in several ways. The subject may be asked to 
write down .What was eaten on a' blank sheet of paper or he/she may be given a 
form divided by day intervals, with separate columns for recording amounts 
and descriptive details.' Both of these methods can be self-administered 
without the aid of an investigator. 

^ most typical procedure is to obtain the recall by interview. The 
interview can be conducted in person or over the telephone. There is "some 
controversy regarding the amount of prompting interviewers should give to 
subjects to aid their recall of what foods were consumed. Some investigators 
^^.^i.^.J^Wtln, leads subjects to report, foods they did not 
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actually eat but think the interviewer expects. This has been called 
''talking a good diet"^by Madden et al. (1976). Others believe that some 
prompting is necessary to prevent subjects from omitting foods they actually 
ate, but there is disagreement over the wording of the cues. Some 
investigators insist that culturally biased' words like "breakfast," lunch," 
and "dinner" should not be «used. Rather, cues should, refer to the time of 
day (e.g;, what did you eat in the morning?) or should be associated with 
activities (e.g/, did you eat anything on your way to work or school?). 

\ ' \ 
Similar controversies arise over what period should be covered by the 24-hour < 
recall. Some investigators use the entire day preceding the interview 
beginning with the 'first thing subjects ate upon rising in the morning and 
ending with the last thing eaten at night. Others believe it is easier for 
subjects to recall items by working backwards. The recall begins with 
whatever was eaten immediately prior to the interview. Subjects are then*, led 
backwards in time^so that the 24-hour period -may actually include portions of 
two ciifferent days.. The effects of these variations in format have -never 
been 'subjects of systematic investigation. Further details on formats of 
24rhour recalls used in major surveys and the modifications to them for 
cqllecting data from children are provided in the following secticm on 
dietary protocols. 

\ \ ■ 

While there is disagreement about how much prompting should be given to 
subjects to help them remember what foods were eaten, there is a general 
consensus that once a subject mentions a food, help should be given to recall 
the amount . In face-to- face interviews, questions to clarify quantities* can 
be accompanied* by a variety of visual aids. These may range in 
sophistication from simple household measures and cut-out pictures of food to 
* v mbre elaborate three-dimensional shapes or lifelike replicas. The various 
types of food models serve as reference points. The subject estimates 
portions, of food actually eaten as less than, equal to, or greater than the 
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models;, This estimate is. then coded as a proportion of the model weight, 
volume or size and. is converted to gram weights or household measures. 

Food. Frequency " - * 

Methods that require subjects to recall or record actual consumption are 
limited in the scope of time that can be covered by the v _subject ! 3 memory or 
Willingness to cooperate . The food frequency is orte method that has been 
developed to obtain data that are characteristic of the usual diet 4 over an 
extended period of time*. It has been used most extensively in 
epidemiological studies requiring large samples of subjects (Marr, 1971). 
Data can be obtained by a self-administered questionnaire or .by interview. 
There are oany variations of the method 7 , but the most common procedure is to 

.present, 'the subject with a list of foods and ask the subject how often each 
food^is ^eaten. the subject may be asked to recall how often each food was 
actually eaten over a stated period of time (e.g., within the past year or 
'past, six months) or the subject may be asiced <t or a more general indication of 
usual frequency that is jiot tied to ■ a 4 specific time span. Preceded 
categories of response are usually used.^ Some food frequencies are simple 
V ,l often, w "seldom, w or w never tt response categories. Others ask for the number 

^of times the food is eaten per month, per week, or per day. " 

In addition to frequency of . consumption, tfie amount of each food that is 
typically consumed has also_J>een obtained with the food frequency method in 
some studies (e^g.^~ 'fibrahamson et al., 1963) • In such studies, average 
portion sizes (as opposed to actual amounts) are estimated. Subjects can be 
assisted in the estimating process with household measures and food models. 

There is no standardized list of foods that appears on all ^ food frequency 
lists. Indeed, one oV the advantages given for the method is that the list 
of foods 1 can be tailored to the interests of each study (Abrahamson et al., 
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1963).' If. dietary patterns rather than total nutrient intake are of 
interest, the list may consist .of selected food items believed to be" 
. characteristic of different' patterns or it may focus on specific items high 
in dietary constituents thought to be associated with disease (Wiehl & Reed, 
I960)., ' 

f 

' Diet HistSory 

The diet* history is another interview method developed to provide data that 
are characteristic of the usual diet. The.method, as originally developed by 
Burke <>1947), was intended \%o be us&l in research that compares the -average 
food intake of ah essential nutfient or average level of the diet, as a whole 
with -clinical and laboratory findings. The method follows four basic steps. 
First, background data on 'the subject's health/status and other factors that 
relate to nutrition (such as living arrangements, ; economic 3tatus and eating 
ha&its). are obtained. "Next, .the nutritionist' attempts to learn' the subject's 
"usual .pattern of eating- at meal times and between meals. This portion of the 
interview follows a format similar to a 2H-hour recall except ' that the 
subject is asked about food intake on a typical day -rather thajy'an actual 
day.- Further questions are^ asked ^to obtain detail^ about variations from the 
usual' pattern. For example, in discussing breakfast, the subject may state 
that he/she usually has orange juice three or four times per . week .and ort 
other "days may have r.6 fruit, or will substitute tomato juice. Similar 
detail ^is obtained about other parts of- the meal and other periods of the 
day. The ^frequency and usual portion sizes of all foods are recorded along 
with any changes in the usual pattern that occur because of special 
circumstances, such as illnesses or holidays. 

The. third step in the history is called the "cross-check." According to 
Burke^ this step * is very -.important in clarifying and verifying " the 
information given as the usual intake. The interviewer works from a list of 
food groups, asking the subject questions about likes, dislikes and the 
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consumption of foods in each group. -Answers are compared with the usual 
intake^and discrepancies are discussed. In the final step of data collection 
the. subject keeps an estimated food record for> three Consecutive days * 
following the interview. Experience with the record led Burke to conclude 
that the;>ecord was the least valuable portion of the diet history method and 
should be used only as an additional check on the usual intake for a given 
interval. Her reasons were that a high number of inaccuracies and omissions 
were discovered in the records. 

The method of data analysis was an integral part of the diet history method 
as originally developed by Burke., From a consideration of the usual intake 
and the cross-check/ the amounts of each food or food group which are most 
i^epresentative of the subject's average intake are selected. The nutrients 
from this average intake are then calculated. Because Burke believed that 
these figures would give an unjustified impression of accuracy she used them 
only in conjunction with a rating scale which was based on the Recommended 
Dietary Allowances.^ Each nutrient was rated "excellent," "good," "fair," 
"poor" or "very poor," according to the range in which the value calculated 
from the t average intake fell in relation to the RDA/ Burke thought that the 
ranges were sufficiently wide to absorb the inaccuracies of the history 
method and k could serve to place a subject in the correct relative position to 
other subjects for a specific nutrient. 

Other researchers have made numerous modifications to this method. For 
example, Beal (1967) used all of the components described'^by Burke in 
longitudinal studies of the growth and development of children, but treated 
the nutrient values as absolute and did not use the rating scale. Reshef et 
ai; ( 1972 ) used a "Burke-type" interview consisting only of the portion 
eliciting usual intake and cross-check information. Mann (1962) obtained 
dietary data for the Framinghanf study of risk factors in cardiovascular 
disease using the diet history method. In that study subjects were given 

advance notice that they would be questioned and the interview* on usual 

» 



intake was unstructured. The method included both the preliminary history 
and the cross-check but omitted the rating scale. 

PROTOCOLS FOR DIETARY ASSESSMENT X 

Protocols are. the actual questionnaires, data forms and instructions to data 
collectors that are used in dietary surveys. Protocols differ in content and 
format according to the dietary data collection methods that are used. Every 
stTudy that collects dietary data must select or develop protocols and 
standardize them prior to field use. During the survey, it is also ne^ssary 
to maintain adequate quality control. These factors contribute the 
.reliability and validity of the measurements. 

Dietary ^ rotoool ^^^^J? e adapted^ for use in large-scale surveys and in 
surveys involving children. ^ Protocols used in the Health and Nutrition 
Examination Survey (HANES) have been described by Youland and Engle (1976). 
Thi|3 survey included the collection of dietary data from a probability sample 
of nbn institutionalized persons in the United States aged 1 to 74 years. 
Frank et al. (1977) have described prptocoln used in the Bogalusa Heart 
Study." This study is tair~tcd exclusively at children. Review of the 
dietary protocols used in these' two studies provides additional understanding 
of the methods and helps identify factors that should be considered when 
collecting dietary data from large numbers of school-age children/ 



A study of school nutrition programs conducted in Washington State (Price et 
al., 1975) 3lso contains a description of dietary protocols. The details are 
described in Chapter IV in conjunction with a critique of the methods used in 
that 'study. 

Health ahd. Nutrition Examination Survey 

-a, 

The Health and Nutrition Examination Survey (HANES) used a 24-hour recall and 
a f<x>d frequency questionnaire as the means of collecting dietary data from a 
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national probability sample that included over 5,000 sohool-age children. A 
maximum of 30 minutes per subject was allowed for the entire dietary 
, interview. The 24-hour recall portion of the interview was conducted first. 
It covered midnight-to-midnight of the whole day prior to the data collection 
day. Data were collected for weekdays only. 

The interviewers used a variety of' -techniques to help subjects recall the 
amounts of foods consumed. These included food models and measuring 
devices. Probes were also used to uncover forgotten snack items. People 
were often able to associate foods with specific activities. Interviewers 
became familiar with 'local, foods and brand names sold in neighborhood grocery 
stores to help subjects identify specific items. Translators were used for 
non-English-speaking subjects. 

The food- frequency form contained 13 broad food categories: milk,' meat and 
poultry, fish or shellfish, eggs, cheese and cheese dishes, dry beans and 
peas,- fruits and • vegetables, bread, butter and margarine, desserts and 
sweets, candy, beverages and snack foods. Two to three subcategories each 
were provided" for milk, fruits and vegetables, bread (including cereals) and 
beverages so that a total of 19 items were assessed. Subjects were asked to 
indicate the number of times per day or week each item was consumed over the, 
past three months. 

In addition to providing data describing general food patterns, the food 
frequency was used as a cross-check on the 21-hour recall. For example, if a 
subject reported eating bread three times a day on the food frequency but 
only once on the 24-hour recall, the interviewer would question the subject 
about the discrepancy. 

Children aged eight and over provided 'data to interviewers unassisted. 
Younger children were interviewed with their parents or another responsible 
jidult. It was observed _ that -many- mothers of young children turned the 
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interview over to their children, stating that they paid little attention to 
what their children ate. 

The same food models and probes were used with children as with adults. To 
help children remember what was eaten for school lunch, a tray or plate was 
drawn on a .piece of paper and the child was asked what was placed in various 
positions. If the child could remember the color but not the name- of a foojj, 
A a, caM.. was made to the school f to learn what had^ been served. Youland arid 
Engie do not report whether Modifications were made in the food frequency 
questionnaires administered to young childper/ ^ 

All uietary forms used by the . HANES^interviewers were coded in the field, 
The recording form for the 24-hour recall allowed interviewers to record 
amounts of food consumed according to letter codes corresponding to the food 
models. A loose-leaf notebook contained identification numbers for specific 
food items 'based on Agricultural Handbook No. 8 and other nutrient data 
sources. 

r * « 

r , 
All dietary data' were processed' by computer. The data base for the nutrient 
composition of foods was adapted from one originally created at Tulane 
University and used in the Ten State Survey (Center for Disease Control, 
1972); however^' to accommodate new products and/or changes in nutrient 
composition, more than 200 additions or changes in the data base were made 
^during the entire HANES operation. • 

V 

Quality control was an impo-tant aspect of HANES. Quality control procedures 
for the dietary portion of HANES consisted of training sessions, evaluations 
of interviewing and codihg skills, and feedback concerning performance. 

Each interviewer received at least one week of training, which included 
practice interviewing \ and recording. During th6 ■ orientation and 
data-collection phases of the survey, written guidelines were used that gave 
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instructions for the type of information to be obtained, for maintaining a 
log t of .all persons interviewed ,• for the use of food * models, and for 
conducting^ the interviews* The guidelines also contained detailed 
explanat forte of the forms and instructions for transmitting information to 
headquarters. v * • 

% 

During -the data-collection phase, two randomly selected interviews were tape 
recqrded\by each interviewer ' and later evaluated by headquarters staff. 
Written evaluations we re^ sent back to the interviewers. Two .meetings were 
t also held with all of the 'interviewers during <£he survey to pool ideas and 
discuss problems. A midpoint quality contrbl test designed to check coding 
skills consisted of a 21-hour recall form containing a series of interview 
questions together with subjects' responses. Each interviewer coded the 
responses and .returned the form. The test enabled the survey directors* to 
determine the^error rate and the most common types of" problems in coding. * 

Bogalusa Heart Study ' • # 

* 

Frank et al. (1977) have described the detailed protocol used for obtaining 
-24-hour, recalls, calculating school lunch* data, and developing interview* 
techniques 'used ? in the Bogalusa ^ Heart Study. This study is being conducted 
by the Special Center for Research oh Arteriosclerosis at^Louisiana State 
University Medical Center. One objective of the study /is* to, develop methods 
that^will assess and characterize the dietary intake of children, allowing 
the children to respond, independently. The protocol is used with children 
who 'are ten year's^ old and older. ' »" 

The 2ll-hour recall reflects hour-by-hour consumption beginning with food and 
'beverages consumed on the day of the .interview and ending with food consumed 
on the day before to complete' the 24-hour period. The interviewer follows a 
written script of questions. Examples of questions f rom(the\cript are: 
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• What's the first thing you ate or drank after you got up this morning? 

• When did you next .eat or drink something? 

• Do youhave recess in the morning? Did you eat anything then? 

• Were any of yotir favorite TV shows on last night? Did you have a 
sucker, popcorn, doughnut, cookie, or soft drink while you watched TV?' 

Eating 'locations or aquations are also mentioned to help the child remember 
foods* associated with 'various occasions; for example: 

• How do you get home from school? Did you buy anything before you gojt 
on the bus? 

• Did you go to a meeting, football game or party last night? Did they 
serve refreshments? 



As children name each, fooa they are shown food models and product labels to 
identify quantities and brands* The food models,- developed by Moore et al. 
(1967)> do not depict specific foods but, rather, show various portion sizes, 
weights, volumes and shapes* 

Experience in interviewing has shown that children are likely to forget to 
Report eating snack items. The interviewers probe for snack items using a 
"Product Identification Notebook" that contains pictures of snack foods, 
labels and drawings. At the close of the interview, the book is reviewed 
page-by-page with the child. Finally, each cnild is asked a series of 
questions 'regarding sleeping habits, typical eating patterns and the use of 
salt. 

The exact consents of school lunches are also determined on the day of the 
2*l-hour recall. The nutritionist visits the cafeteria to obtain recipes and 
to we igh f oods\ as served . Three samples of each \ food are weighed and the 
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average weight is recorded in grams on a standardized form. Knowledge of 
types and amounts of foods served in school lunch is used during the 21-hour 
recall with children to obtain a more accurate estimate of what was consumed. 

The protocol contains detailed instructions for recording data obtained from 
the ,24-hour recall. Specifically, each food listed by the child is 
accompanied by the following information: common name and/or brand, method 
of preparation, the form of purchase, and the .portion size in food-model 
units. These units are converted to gram weight equivalents by the 
nutritionist. Each food is" also assigned an ID number "and" is coded for the 
time it was eaten during the day. If a food is unfamiliar or is a 
combination food made from a home refeipe, researcb^is-^one following the 
interview to obtain ,a list of ingredients. The ingredients and amounts are 
' noted on the recall form and are also recorded .in a "Product Research 
Notebook" for future reference. . 

Quality control procedures in ^the Bogalusa study consisted of checking all 
food identification numbers, equivalent conversions, gram weight calculations 
and other codings by a second nutritionist: Differences that could not be 
immediately resolved become subjects of a staff conference. When all errors 
were corrected the data forms were submitted for computer processing using 
the Extended Table of. Nutrient Values (Moore et al., 197^). 

Cooperation of Subjects 

FoF^ny nutritional assessment method it is important to identify factors 
affecting ■ the cooperation of subjects, but these factors are especially 
critical in- the selection of dietary ^measures. Biochemical and 
cHnical-anthropometric measures are essentially non-reactive, but most 
dietary measures suitable for determining nutrition program impacts depend 
upon the subject's ability and willingness to provide accurate and truthful 
information. Special problems are encountered when the' subjects of a dietary 

\ 
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investigation are children. Furthermore, r,ome dietar/ methods place a heavy 
burden on respondents for data collection All of these factors add \o the 
potential for unreliable data or sample bias due tx> nonresponse. 

Marr (19 7 D conducted a systematic analysis of cooperation rates for various 
dietary assessment methods reported, in earlier studies. Components .of 
non-cooperation included the percentage in the samples .who were unable to 
cooperate, who produced "doubtful" or incomplete data, or who refused to 
participate. The samples in the studies that Marr reviewed were composed of 
a variety of age, sex and occupational groups. Children were the subjects in 
several of the studies, but in most of these studies, the moth.ers rather than 
the children were the respondents. 

Food Records . According to Marr (1971), the precise weighingygethpd, in 
which investigators perform the weighings, can only be used by» highly 

s 

cooperative, motivated subjects who are willing to allow the investigation to 
intrude into their daily lives. The method cannot be carried out on a random 
sample^ since the degree of cooperation required is likely to deter 
participation. Marr states that th£ weighed food record, in which the 
subjects weigh their own food, has wider application. Six studies, using 
seven-day weighed foo % d records were reviewed by Marr. All were carried out 
in Britain.. Cooperation rates (i.e., the percentage of usable or "reliable 11 
records obtained from the sample) ranged from 32 percent in a -study of 72 
elderly women in Paisley, England, to 79 percent in a study of 231 London 
busmen. The largest components of non-cooperation in all of the studies were 
the numbers who were unable to cooperate and the numbers who rex used to 
participate. 

Since cooperation can potentially be a problem in surveys using weighed food 
records, it is important to determine how high rates of non-response are 
likely to bias the sample. In the studies reviewed by Marr involving 
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children, fewer records were obtained for households with low incomes and 
from mothers with low educations. 

According ,to Mark's analysis," use of estimated food records does not 
necessarily improve cooperation rates over those obtained with weighed 
records. Four studies using estimated food records from child and adult 
subjects were" reviewed. The lowest percentage of usable records in all of 
the studies — 45 percent — came from a sample of 150 adolescents studied 'by 
Sprauve and Dodds (1965). The authors stated that the poor response 
"rendered the sample less representative than was desired and certain 
correlations "could not be established." This study suggests that adolescents 
may not be willing to cooperate in studies using food records. \ 

Gersovitz et al. (1978) also report problems of nonresponse with estimated 
food records. Dropouts occurred in such a way that as the days progressed, 
subjects completing records tended to be better educated than the group as a 
whole. Although subjects in this study were elderly persons, similar 
patterns of dropout could be expected from mothers and children. 

The findings of some studies suggest that shortening the time period required 
for data collection can increase levels of cooperation with the estimated 
'food record. Dierks, and Morse (1965) asked mothers to keep three-day 
estimated records for 121 preschool children in Minnesota. The cooperation 
rata in that study was 95 percent. However, decreasing the number of days 
allowed^ for estimating food intake has implications for reliability and 
validity of the .data. These implications are discussed at length in later 
sections of this review. 

There is no good evidence in the literature about the age at which children 
are able to keep weighed or estimated food records without the assistance of 
adults. The minimum requirements are that the child must be able to write 
the names of foods and take accurate measurements with household measures or 



scales. The mathematical operations of addition, subtraction, multiplication 
and division — as well as the concept of fractions — must also be understood. 
Young et al. (1951) considered children below the fifth grade (i.e., under 
ten years of age) too young to keep seven-day food records. In their study 
of 350 children in New York, Young et al, allowed children ten years old and 
older to keep their own estimated records, but requested help from parents 
and teaphers for children aged four to nine. Other • studies using food 
records With children (e.g, , Huenemann & Turner, 1942; Bransby et al., 1948; 
and Trulson, 1954) do not indicate at what, age children were asked to keep 
their own food records. The results of Sprauve and Dobbs (1965) » suggest that 
difficulties can be encountered with adolescents as well as with younger 
children. 

Recall Methods . Methods that require subjects^ to recall past or usual food 
intakes — 24-hour recall, food frequency and diet history — place less of a 
burden on respondents for data collection than methods that require them to 
weigh or record food quantities as eaten. Therefore, it is generally assumed 
that these methods pose less of a problem in obtaining the cooperation of 
subjects and can be used successfuly in probability samples of the population 
(Burke & Pao, 1976). It is .difficult to evaluate this assertion from 
large-scale surveys because the dietary interview is usually only one portion 
of the total data collection effort. For example, the nonresponse rate for 
the dietary portion of HANES, which consisted of both the 24-hour recall and 
food frequency interview, was 27 percent (Burke 4 Pao, 1976). However, since 
the dietary interview was conducted in a mobile clinic at the same time that 
biochemical and anthropometric data were obtained, it is difficult to 
|beparate nonresponse on the dietary interview from unwillingness to 
participate in the biochemical and anthropometric examinations. 

According to Marr (1971), in the reports of studies using recall methods, 
there is little information regarding the numbers of subjects who were unable 
to give data or who refused to do so. No comparisons of cooperation rates 
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are made by Marr for studies using the 24-hour recall or food-frequency 
methods. ' Cooperation rates in four, studies using diet . histories are 
summarized by Marr. None of the studies involved children. Usable diet 
histories ranged from a low of 64 percent 'from industrial workers in Chicago 
(Paul et al. f 1963) to 94 percen'Cfrom state workers in New York (Browe et 
al. f 1966). 1 ■ 

Most authorities agree that the primary problem with recall methods lies,. in' 
the ability of subjects to remember what they ate (Young & Trulsbn, 1960; 



Pekkarinen, 1970; Marr, 1971; Burke & Pao, 1976; Keys, 1979).' Since this 




issue bears directly upon the validity of results, studies that have 
evaluated the accuracy of recall methods will be discussed more fully in the 
following sections. At this point, however, it is of interest to note some 
authors' comments about . the cooperation obtained in studies using recall 
methods in which the subjects were children. For example, Bosley (1947) said 
that "children nine to eleven years old are easily^ able to recall the foods 
eaten over a 24-hour period and delight in measuring the- quantity of food 
eaten." Bosley added that once children have reached 11 years of age, they 
"have acquired enough information about the foods they should eat to 
influence their reports." . 

More recently Frank et al. (J 977) have stated that "children 10 to 12 years 
old were eager to talk about what they had eaten. The children established 
rapport quickly and usually remembered brand names of foods they had eaten. 
They seemed to remember eating times logically and clearly. When asked to 
recall a known school lunch, they were quite aware of their meals, but 
remembered the menu items in much simpler terms than those used by the school 
personnel" (p. 30). 



The literature does not relate experiences of investigators who have tried to 
obtain 24-hour recalls directly from children younger than nine or ten years 
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f age, nor could -.comments, be found from investigators who have used the 
fd^d-frequency method with children of any age. 

The most extensive use of the diet history method with children is reported 
by Beal^ (1967). She used diet histories to collect dietary data on children 
who wer^part of a longitudinal' study of growth and development in vDenver. 
Beal states that the age at which a child is capable of\giving a ,diet history 
is* best judged on an individual basis. Prerequisites are an. adequately 
developed sense of time, knowledge of the namea of foods, a sufficiently long 
attention" Spain, good memory and a willingness to cooperate. In Seal's 
experience, no data can be obtained directly from children below five years 
oi age, but from the age of five or six years on, children can be asked about 
foods eaten away Trom home, such as the kinds and amounts of foods served in 
school lunch, which foods they eat or refuse, extra m servings and foqds 
exchanged with friends. However, children of this .age must still rely on 
their parents for assistance to complete the history. Beal maintains that 
unaided histories should not be attempted until girls are at least 12 and 
boys are 13 t^o 14 years of a$e. With these children it is necessary to give 
assurance that the information is confidential and will not be reported to 
their parents; otherwise they will be reluctant to "teff how much candy they 
buy -on the way home from school or whether they buy lunch at the corner drug 
store instead of the school cafeteria. 11 Beal also says that children must be 
constantly y reminded that there are seven davs in a week, not just the five 
school days. 

Discussion 

Reoperation of subjects is an important issue* in the -selection of dietary 
methods. High rates of noncooperation have been discovered among various 
groups of subjects in studies using both weighed and estimated food records 
(Marr, 1971). Poor cooper .tion tends to bias the sample so that persons with 
low income and low education may be underrepresen'ted (Marr, .1971; Gersovitz, 
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1978). None of the studies- .using weighed or estimated food records are 
based on a probability sample V subjects, and, only a few studies obtained 
data from children. There is no \yidence in the literature that food records 
can be'kept successfully by childreii under ten years of age. Doubts are also 
raised about the 'extent to which older children are willing to cooperate with 
the .requirements for weighing or estimating food intake (Sprauve & Dodds, 
1965). - 

Methods that rely 'on recall tof past or usual food intake offer fewer problems 
of cooperation.- Response, rates are reportedly high (Burke & Pao, 1976), but 
this has been difficult to verify in dietary surveys using national samples. 
Investigators that nave -used 24-hour recalls with children report that most 
children who are at least nine to ten years of age are willing to cooperate, 
but older children may not always provide truthful information (Bosley, 19*17; 
Frank et al., 1977). Similar conclusions can be' drawn about the use of the 
diet history method with children (Beal, 1967).. There are no indications of 
how well children cooperate "with the food frequency technique. 

RELIABILITY AND VALIDITY 

The following section presents a review of literature on the reliabi Lity and 
validity of dietary assessments. According to Young and Trulson (1960), 
problems- of the reliability and validity of dietary assessment are generally 
approached from three different perspectives: 

• Identification of the accuracy of dietary intake; 

• Determination of the length of time to be covered by a dietary study; 

• Comparison of results obtained by various dietary methods. 

The first of these perspectives concerns identification of various types of 
measurement errors. Errors made by subjects due to poor cooperation affect 
the reliability of the data. Unreliable data can also result from errors in 
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the use of instruments, such as scales or measuring cups, in determining the 
amount of food consumed, or from differences in the way interviewers oollect 
or code data. An additional measurement problem that affects the validity of 
the data involves systematic errors that occur because subjects cannot 
estimate their food consumption accurately or because they change their 
eating habits while participating in the studies, * - 

The length of time to be covered by the dietary survey depends upon how well 
the period of observation represents the dietary constituents tfiat one is 
attempting to measure. This issue Ls related to the degree of variability in 
the c^ietary intake of individuals and of the general population. If dietary 
intake is highly variable from day to day)v it will be difficult to obtain 
reliable estimates of nutrient intake over relatively short periods of time. 

The third perspective, comparing one method to anotHer, seeks to establish 
concurrent validity. Most authorities believe. that the weighed food record 
is tfie most valid criterion * (Keys, 1979; Marr, 1971; Pekkarinen, 1970); 
however, this method^ itself is subject to limitations. Furthermore, not all 
studies use the weighed food record as the basis of comparison. 
Consequently, the comparisons do not indicate which method is "best." They 
only show how results obtained by the various methods differ from one another 
and which can be used interchangeably to accomplish a specified purpose 
(Pekkarinen, 1970). 

Accuracy of Dietary Intake Methods 

In all dietary studies it is difficult to separate "true" variations in 
intake from variations due to different types of measurement error. Each 
assessment method is subject to its own measurement problems. 

Weighed Food Record . It is generally recognized that use of the weighed food 
record has the potential for causing subjects to alter their food behavior 
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during the period of observation. Burke and Pap (1976) point out that larger 
t food intakes in th^ first week than in subsequent weeks are often reported in 
small-scale, nori-random studies using weighed food records. They believe 
that this finding indicates either that behavior is altered by part.o ip.-.tion 
or that weighing becomes more careless as time goes by. Burke and Pao cite 
studies by Yudkin (1951) and Ohlson et al. (1950) to support this 
possibility; In the latter study, which gathered weighed-record data from 13 
women,, snack ilems Vere seldom listed. The authors suggest tha.t snacking may 
have become inconvenient for the women when it was necessary to weigh each 
•food. Burke and Pao also quote den Har-tog et al. (1965), who noted that 
subjects admitted changing food behavior by serving simpler meals with fewer 
variations in order to lessen the work. 

Estimated Food Record . Huenemann and Turner (1912) reported that they had 
initially planned to use estimated records in their study; they discarded 
this technique in favor of weighed records when it was discovered that 
considerable measurement error would be Xencountered. They observed that 
measuring cups could be loosely or tightly packed, and such foods as pastry, 
raw fruits and meat did not conform .to measuring devices. Moreover, subjects 
frequently substituted estimates, (i.e. , "eyeballing" ) for actual measurements. 

Marr (1971) reviewed literature on similar problems of standardizing measures 
used for estimated food records. In one experiment (Lockwood et al., 1968), 
two observers used different sized teaspoons, dessert spoons and tablespoons 
to measure 27 different foods. Both "level" and "heaped" spoonfuls were 
compared. Large variations in measurements occurred; for example, in 
weighing one type of sugar, one observer obtained a mean of 1.8 g for ten 
measurements while the other obtained a mean of n.O g, a difference of over 
100 percent. According to Young et al. (1952), "errors in estimation of 
portion size are probably the largest source of error in diet record keeping." 
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In studies of the dietary intake of children, there are special concerns 

about whether children can make accurate measurements. Young et al. (1952) 

obtained data using estimated food records in studies conducted in six 

different states. The samples from the different states consisted of 

different types of subjects—two of the six samples were of school-age fc 

\ - " A 

children from Maine and New York, Methods of data collection also varied f v 

but the basic comparison was between nutrient values obtained from meals when 
subjects estimated • their own food intake and values obtained when the 
portions and waste were measured by someone else, 

• ✓ 

When mean intakes estimated by the groups for calories and nine nutrients 
were compared with measured mean intakes, the values were not significantly 
different. for any of the samples except the group of school children from New 
York. Mean values obtained by the children for all nutrients except vitamin 
A and calories exceeded the measured values obtained by adult observers by 
more than 20 percent. The authors note that these children were unaware that 
they were being observed. In contrast, children in the sample from Maine did 
know that an experiment was taking place. In this case, agreement between 
their estimates and those obtained by the observers was very close. Young et 
al, state that it is impossible t'o know how much the awareness factor could 
have affected the * results. The findings suggest that children make more 
accurate measurements when they are prepared for the study. 



Young, et al. also determined the proportion of individuals in each sample 
whose estimates came within 20 percent of the measurements obtained by the 
observers for each nutrient. Overall, the two samples containing children 
were at opposite ends of the spectrum. In New York the average percentage of 
individuals who came within 20 percent for all nutrients was 19 percent. The 
worst estimates were for calories, iron and thiamin. In Maine an average of 
25 percent of the children came within 20 percent of the measured values. In 
all samples, greater variations between estimates by subjects and measures by 
observers- were found on an individual basis than in the group comparisons. 



2U-Hour Recall. Critical factors in the accuracy of, all recall methods are 
the biases introduced by the interviewers and the extent to which subjects 
can remember the kinds and amounts of foods they have eaten. " Ability to 
recall accurate amounts is, in part, dependent upon the kinds of probes and 
visual. aids used during the interviews. 



Two studies have examined the 'effects />f different interviewers on sources of 
measurement error in the 24-hour recall (Frank et^l., 1977; Beaton et al., 
1979). The use of probing questions to aid recall of foods consumed has also 
been studied (Campbell & Dobbs, 1967). 

The protocol for the -24-hour recall used by Frank et al. in the Bogalusa 
Heart Study was described-*in a previous section. This protocol was pilot 
tested on 76 boys and girls agedOO to 16 years in Franklinton,^ Louisiana. 
The children -were randomly selected and scheduled for aft interview between 
Tuesday and Friday. Ten of these 76 children were re-interviewed about the 
same 21 -hour period by a second nutritionist. Half of the children had their 
first recall taken by one nutritionist and half had their first recall taken 
by the second nutritionist. A third nutritionist chedked the duplicate 
recalls before analysis. There was no significant difference (p < .05) 
between interviewers for the mean intakes of calories, percentage of calories 
from- fat', percentage of calories from protein, total ^hftlesterolv ' 
-pol-yunsaturated-to-saturated : ^ fa? ratio, " and sucrose-to-starch ratio.; 
Coefficients of variation ranged from 9-5 for the percentage of calories from 
protein to 27-3 for cholesterol. All coefficients were below 20- except 
cholesterol and the sucrose-to-starch ratio (20.9). The authors conclude 
that the 24-hour recall has am acceptable level of reliability when standard 
protocols are used with children. 

The study by Beaton et al. also looked at measurement errors in the estimates 
of intake. These investigators examined the variation contributed by 
interviewer effects, cex of the subject, day of the week the diet is studied, 
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and the training of subjects due to repeated interviews (i.e., sequence 
effects). Thirty male and 3Q female adult subjects were each interviewed six 
times— twice by each of three nutritionists and twice on each of three "days 
of the week. The ^-dietary components st^udied^were calories, protein, 
carbohydrate, 4 fat, saturated fatty acids, ^ raor>punsj=iturated. fatty acids, 
polyunsaturated fatty acids and cholesterol. < 

The results .showed that for all . dietary 'constituents, the major 
components-of-variance' were between subjects (i.e., interindividUal 
variation) and the urifactored residual (i.e., intraindividual variation). In a 
order to minimize the x variance due to different) interviewers and to sequence 
effects, a defined protocol was - used* by trained interviewers. Neither of 
these sources of variance was significant in any of the analyses. 
Day-'of-the-week exhibited a small but significant effect on the diets of 
female subjects. Females tended to consume more food on Sundays than on 
weekdays. The contribution of 'day-of-the-week to total variance ranged from 
3.2 percent for polyunsaturated fatty acids to 9.4 percent for calories. 
However, when nutrient constituents were expressed as concentrations (i.e., 
nutrients per 1000 calories), the day-cf-the-week effects for females 
disappeared. There was no significant day-of-the-week effect for males in 
either absolute intakes or concentrations of the various dietary constituents. 

The use of probes to improve accuracy of the 24-hbur recall was investigated 
by ( Campbell and Dodds (1967). Data were collected from 300 young adult and 
elderly institutionalized subjects and from 100 elderly subjects living at 
home. Menus actually served to the institutionalized patients were known by 
observation. This enabled the investigators to develop specific questions 
regarding the kinds and quantities of foods eaten during the 24-hour period. 
For the institutionalized older subjects, 35 and 28 percent of the energy 
intake calculated from the 24-hour recalls of men and women, respectively, 
was due to probing, using the known menu as a reference. For the younger 
institutionalized patients, 12 percent of the "calories for women and 21 
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percent of the calories for men were obtained with the probes. Older persons 
living at home- could recall more of their intake than the institutional izei 
subjects. For this group, probing uncovered 18 percent of the total calories 
reported by men and 12 percent of the calories reported by women. For all 
subjects in institutions, carbohydrate, vitamin A and ascorbic acid values of 
the diet increased most as the result of probing. For the persons living at 
home, probing resulted in the greatest increases for calcium and saturated 
fat'. ■ * 

i 

No comparable studies of the use of probes with chidren have been made, but 
threfe investigators have looked at how well children can recall what they 
have eaten (Bransby et al., 1918; Meredith et al., 1951; Emmons & Hayes, 
1973). 

Bransby et al. studied the dietary intake of 50 children aged 10 to 15 years 
living in an institution in England. Foods sgrved to the children and left 
over on their plates were weighed for three consecutive days. Average 
intakes for the three ' days' were computed for calories, carbohydrate, fat, 
protein, calcium and iron. Each evening, children were questioned about the 
amounts and quantities of food consumed during the previous ?4 hours. Only 
small differences^ were found between the average daily amounts of food 
obtained by weighing and t^e average daily amounts obtained by questioning 
the child. The largest differences were for sugar, preserves and fats. 
Differences in' nutrients calculated from the weighed versus the questioning 
methods were not large. The greatest difference was for calcium, where 
questioning underestimated average weighed intake by 5 percent. In 
discussing' these results the authors state that it is unlikely that the 
questioning method received a satisfactory test, since children in the study 
"took a lively interest in the proceedings and familiarized themselves with 
their. food more than is usual.". 
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Meredith et al. studied 94 children (48 boys and 46 girls), aged 9 to 18 
years, in Maryland. A repord of actual consumption and a recall for one 
school lunch was obtained for each child. To obtain actual consumption data, 
a nutritionist weighed and measured portions of food during preparation and 
recorded all ingredients. Amounts of foods served to children in the study 
were recorded on a card coded with each child's name. After children had 
finished th<3 meal they were instructed to return their ^rays to the "turn-in 
window" where quantities of all uneaten food were recorded on the card. The 
authors do not state whether these leftovers were estimated or weighed. 

Soon after lunch, the children were interviewed individually to obtain the 
recalls. The interviews were conduced by a second nutritionist who had no 
knowledge of 'what had been served. Questions were asked about food eaten 
that was not part of the school lunch and about items given away. The 
authors do not state whether food models or other visual aids were used. 

Data were analyzed by comparing the number and quantity of food items from 
the computed record with those recalled by the child. The criterion for 
agreement was very literal and did not allow any latitude for slight 
differences between the child's recall of quantities and the standard portion 
sizes. The recalled and computed records agreed completely in number, kind, 
and quantity in only six of the 94 comparisons. In 33 comparisons (35 
percent), children gave the same number of items and kinds of foods as 
appeared on the computed record, but there was a difference in quantity for 
one to three items. In the remaining b5 comparisons (58 percent) there was a 
difference in the number and type of items as well as in quantities. There 
appeared to be a tendency for greater underreporting as the number of 
different items on the tray increased. Also, the authors noted that there 
was better agreement on the third day of the study. The authors think that 
children taking part in the study may have discussed it with other children, 
so that by the third day they were better prepared for the interview. 
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Emmons and Hayes also tested the ability of children to recall school lunch 
by comparing recalls with a computed record. In addition, these 
investigators compared childrens' recalls of their 24-hour intake with 
recalls, provided by their mothers. The subjects were from grades 1 to 4 
<ages 6 to 12) in two rural upstate New "York s l phool districts. 
Twenty-four-hour recalls for the previous day were obtained from a total of 
'431 children at .school. Household measures were supplied to help children 
estimate quantities' of food. Mothers were interviewed by telephone to obtain 
recalls of their childrens' . diets for the same 24 hours recalled by the 
children. Methods similar to those used by Meredith et al. were used by 
Emmons and Hayes to determine actual consumption of the school lunch. 

In comparing recalls frojK^mother and child, the investigators found that the 
majority of mothers listed each of 25 different food groups the same number 
of times as their children. When there was disagreement, mothers reported a 
smaller number of servings 10 percent of the time and a larger number of 
servings about 17 percent of the time. Food groups for which there was 
disagreement most of ten. were milk, fruits, desserts and sweets. 

When the child's recall of school lunch was compared with the computed 
record, it was found that the ability to recall correctly the kinds of food 
eaten improved with age. Children in grade 4 remembered an average of 80.6 
percent of the food items in their school lunches, while children in grade 1 
remembered an average of only 60.5 percent of the food items. 

Comparisons of the quantities of foods obtained by the different methods were 
not made, but data from both mothers and children were converted into values 
for calories and eight nutrients. Correlation coefficients were calculated 
between nutrient levels in mother-child recalls and between recalled and 
recorded school lunches. In both types of comparisons there were fewer 
significant correlations (p < .05) in .grades 1 and 2 (15 significant 
correlations) than in grades 3 and 4 (27 significant correlations). The 
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magnitude of moot correlations that were significant also tended to be lower 
for the younger children. In all age grouos, there were more significant 
correlations between the nutrient levels from the child's recall of the lunch 
and the record of what was actually eaten (25 significant correlations) than 
between the nutrient levels from the mother's recall and the child's (15 
significant correlations). This tendency increased with age- At grade - 
calories and all eight nutrients in the recalled lunch and recorded lunch 
correlated at the ,01 level* The range of coefficients was from ,58 for 
ascorbic acid to . 92 for calcium. At the same grade , only six of the 
nutrient correlations were significant oetween the child's and the mother's 
2'1-hour recalls. The range for all nutrients was from ,11 for vitamin A to 
•62 for riboflavin. The nonsignificant correlations were for iron, vitamin 
A, and ascorbic acid. As the authors point out, these results do not' 
necessarily mean that the child's recall is more valid than the mother's, 
since no absolute record of what the child ate at home was obtained. 
Nevertheless", the agreement found on measures of intake at school lunch 
encouraged the authors to conclude that "young children, especially above 
grade 2, can give comprehensive dietary information. 11 

Food Frequency . The accuracy of the food frequency method has not been 
evaluated as extensively as the accuracy of 2^-hour recalls. There is one 
study by Abrahamson et al, (1963) that determined whether the frequency of 
Intake of selected food items Ls an accurate representation of the quantities 
of these foods as they are usually consumed. The subjects were 60 pregnant 
women' aged 17 to 39, receiving prenatal care from two community clinics in 
IsraeL. The women were all Jewish, but were heterogeneous in terms of 
country of origin. Each subject was questioned by the same interviewer about 
consumption of 26 different food items grouped into categories of milk, eggs, 
flesh foods,, bread and rolls, and fruits and vegetables. Frequency was 
recorded as the number of times the food was eaten per week and the number of 
da ys it was eaten per week. The usaal weekly quantities of each food were 
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assessed using household measures and samples of food. Amounts were recorded 
in metric units for ^volume and weight. 

Data for the total sample showed highly significant correlations between the 
number of times food items were reported as eaten per week and the usual 
quantity consumed. These data, however, were inflated by the women who sdid 
they never ate an item and therefore had a zero quantity of intakes. When 
the women who reported never eating an item were excluded from the analysis, 
correlations were still Highly significant (p<.0001) for all of the foods 
studied. The highest correlations were for eggs (.95), fruit and vegetable 
juice (.90), and milk taken a\^a^&everage (.81). The lowest correlations 
were for poultry (.40), bread' and rolls (-42), citrus fnuits (.38), and 
certain vegetables (e.g., green bearis .35). 

U v correlations between frequency and quantity were discovered when the 
number of da^s per week rather than the number of times per week that foods 
were eaten was assessed. Also, the correlations were lower when food groups 
.were used rather than separate items . For exapple the correlation for the 
combined fruit and vegetable group was .38; for the combined group of flesh 
foods (poultry, meat and fish) it was .48. In spite of these relatively low 
correlations, it was possible to divide the 60 subjects into three 
subcategories indicative of low, intermediate and high frequency of intake 
for each food group and to obtain significant differences in the mean weekly 
quantities consumed. 

Diet History. , Dawber et al. (1962) studied interviewer effects on the 
diet-history method. Twenty-four subjects were interviewed two years apart 
by two different nutritionists using identical protocols. A different group 
of 30 subjects was also interviewed two years apart but by the sarao 
nutritionist each time. Values obtained for calories, fat (total, animal and 
plant), cholesterol and percentage of total fat from animal sources were 
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compared for diet histories taken by the two nutritionists and with values 
obtained for the group interviewed by the same nutritionist. 

Dawber et at. found there was good agreement between vaLues obtained by the 
two nutritionists who interviewed the same .subjects. There were no 
significant differences iji the mean values obtained for any of, the dietary 
constituents. However, the range of correlation coefficients obtained for 
interviews conducted by different nutritionists was' lower for most dietary 
constituents than the range for the* same nutrients in the sample of subjects 
interviewed two years apart by the same person. For subjects interviewed by 
two different nutritionists, the range , of coefficients was .27 (percent 
calories from fat) to .90 (grams animal fat). For subjects interviewed by 
the same person, the range was .65 (cholesterol) to .92 (tfptal calories). 
These findings indicate that while differences are - not statistically 
significant, the diet history is slightly more reliable when the same per3on 
conducts repeat interviews. 

/ 

The accuracy of the diet history method is subject to the limitations of both 
the 24-hour recall and t|ie food frequency methods, since kinds-and-quant Lties 
data £re obtained for a .typical day followed by a frequency-type crosscheck. 
No ^cudy has attempted to determine the accuracy of the entire diet history 
method. One study by Moore et al. (1967) examined part of the issue by 
inye^t- i gating whether estimation of the usual quantities of food consumed is 
improved with food models. The models used were constructed to resemble the 
/ay food is ordinarily served and eaten — i.e., from glasses, cups, spoons and 
in slices or "piles" of various* sizes and shapes. Two different 
nutritionists conducted interviews with 30 husband -wife pairs using the same 
protocol. Only three food items were tested: milk, rice, and kidney beans. 
Experience had shown that these foods are particularly difficult to 
quantify. Usual intakes of the husband were assessed by one nutritionist 
with the husband as respondent. At the same time, in another room, the 
second nutritionist interviewed the wife for data on her husband's usual 
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intake of the three foods. In the first part of the interview, questions 
were asked to assess quantities of the three foods. Then the questions were 
repeated using the series of graduated models. At this point, subjects chose 
the model that was most Like the usual consumption. Following the interviews 
the nutritionists converted the model selections into equivalent volumes and 
weights* Differences between husband and wife reports were compared without 
regard to 'whether the difference was an over- or under-representation. 

Exact agreement on all three items increased from 12 couples when only 
questions were used to 24 couples when the models were used. For those 
couples who continued to disagree, differences in the size of the estimates 
tended to decrease; for example, eight couples differed by more than one cup 
for or^e or more of the items with questions alone but only three couples had 
this large a disagreement whe"h the models were used. Overall, improvements 
resulting from use of the models were greater for rice and beans than for 
milk, which is easier to estimate in glasses or cups, On most occasions, 
both men and women tended to select models representing larger amounts than 
they had previously described. - a 

In addition to these objective comparisons, the nutritionists reported that 
when the models were used, less tims was needed for the interviews .and less 
frustration Jith estimating quantities was experienced by the subjects. 

Period of Observation 

The period of observation necessary to obtain reliable and valid estimates of 
nutrient intake depends, in part, upon the intraindividual variation that is 
typical for each nutrient. Although there are numerous studies reporting the 
food and nutrient intakes of children, most of them report group averages and 
do not consider intraindividual variations. Only four .studies could be 
located in the literature that describe tne variability of intakes for 
individual children as a feature of reliability of dietary assessment. Two 
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of. these studies (Widdowson, 19^7; Huenemann & Turner, 19*J2) used weighed 
food records to estimate variations in calorie, protein, vitamin and mineral 
intakes. The other two studies (Eppright et al., 1952; Young et al., 195 1 > 
used estimated food records to determine the seasonal effects on the intake 
of these nutrients. 

In all four studies, intakes of nutrients varied ^considerably for some 
children and certain nutrients varied more than others. Caloric intakes 
appear to be more stable from day to day than intakes of vitamins an*J 
minerals. In the study by Huenemann and Turner, over - 50 percent of 25 
children aged 6" to 16 had average caloric intakes that were within 20 
percent of one another over four periods of 10 to 14 days each during a 
one-year interval. Protein and phosphorus intakes were the only other 
nutrients that agreed to this extent. 

In Widdowson's study of 1,000 British children aged 1 to 18 years, the 
coefficient of variation in daily caloric intake over seven days ranged from 
a low of 10.6 percent in nine-year-old boys to a high of 20.5 percent in 
16-year-old boys. Widdowson could find no consistent patterns in the 
intraindividuaJ variation of caloric intake by age or sex but did notice that 
smaller intakes usually followed days of larger intakes. The variations were 
also observed zo be related to factors such as physical activity and health 
status, but no formal tests were made of these relationships. In Widdowson' s 
study,' daily variations in the intake of most vitamins and minerals were 
larger than daily variatiorts in the intake of calories. 

Vitamins and minerals showing the most intraindividual variation were not 
always the same in the four studies, but generally, vitamin A and ascorbic 
acid were among those nutrients with the poorest agreement between periods of 
observation, For example, Huenemann and Turner found that ov.-r one-half of 
the children in their study had average intakes of these nutrients that 
differed by 60 percent cr more from one period to another. 
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Seasonal variations are believed to be responsible for these differences. 
Bppright et al. obtained three-day estimated food records from 108 9- to 
11-year-old children in Ohio and 53.10- to 12-year-old children in Kansas in 
the fall and spring. For the Ohio children, the largest difference between 
fall and spring intakes was for ascorbic acid. Mean intake for the group 
differed by 27.8 percent. Correlation coefficients to measure 
intraindividual variation were computed only for the. Kansas sample. The 
highest coefficient, indicating the greatest similarity between fall ami 
spring, intakes of individual children, was for calories (r=.50). The lowest 
coefficient, indicating the greatest difference between fall and spring 
* intakes, was for vitamin A (r=.08). 

Participants in a study by Young et al. (1951) came from two urban schools 
and one rural school in New York State. Only the mean intakes for children 
grouped by age and sex are reported. Vitamin A, niacin, protein and* 
riboflavin intakes were significantly higher for. some groups of children in 
spring than in fall. For example, 7- to 9-year-old boys and girls had an 876 
I.U. difference between fall and spring in their intake of vitamin A. 

Studies have recently been conducted to assess variation- in the intake of 
dietary constituents, such as fat, sodium and cholesterol, ' that are of 
interest in epidemiological investigations of cardiovascular disease. To 
date, these studies have been performed mainly on adults, but the findings 
suggest areas to investigate in future studies of dietary variations in child 
subjects. 

Calories continue to show the least amount of intraindividual variation in 
several studies. in one study by Dawber et al. (1962), the correlation 
coefficient for calories in diet histories of 30 adult subjects taken two 
years apart was .92; in diet histories taken three-and-one-half years apart 
from 33 subjects, the correlation for calories was only slightly lower (.81). 
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Cholesterol and sodium appear to have high amounts of intraindividual 
variation. Beaton et al. ("979) found that intraindividual differences 
accounted for 73.2 percent of the variance in cholesterol, calculated from 
repeated 24-hour recalls obtained from 30 male and 30 female subjects. In 
the study by Dawber et al. (1962) quoted above, cholesterol intakes showed 
lower correlations between repeated diet histories than most other 
constituents. For example, in histories taken two years apart, the 
correlation between cholesterol intakes was only .65, compared with the 
correlation of .92 for calories. 

A study by Hankin et al. (1967) is the only one known .to have assessed 
intraindividual variation in sodium intake. Variations in the intake of 
calories, protein, carbohydrate and fat were also assessed. Mean intakes for 
each of seven days of a group of 93 male subjects expressed as coefficients 
of variation ranged from 25*2 to 28.8 percent for calories to 37.5 to 45.7 
percent for sodium. According to the authors, correlation coefficients for 
the daily intakes of individuals were lower for sodium than for the other 
dietary constituents. \ 

\ 

Several studies have shown that the amount of intraindividual variation for 
calories and most nutrients decreases as longer periods of intake are 
assessed. Acheson et al. (1980) found that coefficients of variation for the 
caloric intake of two adult subjects were much lower when averaged over a 
year's time compared with a single day. 1 Chappell (1955) also found lower 
coefficients of variation for most v nutrients, including vitamin A and 
ascorbic acid, as the period of observation increased* In an analysis of her 
own intake, Chappell found the coefficient of variation for vitamin A was 
24.9 percent over one week and 12.2 percent over 12 weeks. For ascorbic 
acid, the coefficients dropped from 24.3 percent over one week to 9.9 percent 
over 12 weeks. 
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These findings indicate that fluctuations in highly variable nutrients such 
as vitamin A and ascorbic acid average out when a sufficiently long period of 
intake is observed. The number of days of observation required to obtain 
accurate estimates of the usual intake will differ for each nutrient 
according to the amount of variation that is typical for that nutrient and 
the degree of precision desired- In general, longer periods of observation 
will be required to obtain^ more precise estimates for nutrients that show 
large intraindividual variations. 

Chalmers et al. (1952) used data collected from several samples of adult 
subjects to determine how many days a dietary record should include when 
dietary , intake is estimated for a group and for an individual. The authors 
conclude* that, for calories, protein, calcium, iron, thiamin, niacin- and 
riboflavin, a one-day record (or recall) will give an estimate of the average 
group intake that is within about 25 percent of the true average intake 95 
out of 100 times, if each sample contains ten subjects. Greater precision 
can be achieved by increasing the number of subjects in the group. For 
example, with 60 subjects the average intake is expected to be within 10 
percent of the true intake 95 out of 100- times. ^ 
\ 

The number of days required to estimate the intake of an individual differs 
according to sex^ Chalmers et al. calculate that for men, 14 days of records 
would be necessary to assure that the estimated intake of calories and the 
six nutrients listed above is within 15 percent of the actual intake in 95 
out of- 100 measurements. To obtain the same precision for females, only 
about 11 days of records would be required. 

None of these estimates apply to ascorbic acxd and vitamin A, Chalmers et 
? \^ alculated that a PPr°ximately six subjects must be added to group studies 
and Uo percent more days must be added to individual studies to obtain 
accurate estimates of ascorbic a^id intake. The variability of vitamin A is 
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such that Chalmers et al. believe it cannot .be accurately assessed ir; dietary 
surveys. 

Balogh et al. (1971) did a similar study to determine the number of daily 
records that should be kept to obtain accurate estimates for calories, fat, 
cholesterol, starch, sugar, \nd the various types of fatty acids. These 
investigators used 24-hcur recalls repeated on random days each month over a 
year's time. Subjects were 90 adult volunteer^. By examining coefficients 
of variation. 3alogh et al. concluded tfy^t unbiased estimates for individuals 
are not likely to be derived from data collected for less than about six 
months using the random repeat \4-hour recall technique; for some 
constituents, almost a whole year wouldv be required. The authors used only 
data from individuals who- had provided recalls for eight months or more to 

estimate how many random recalls would be\required for each constituent to 

\ ^ 

assure with 95 percent confidence that the average intake of an individual is 
within 20 percent of the true individual mean. 



To obtain this precision for subjects with little variability in their dally 
intakes, the number of required recalls ranged from 4 for total calorics to 
20 for cholesterol and 23 for linoleic acid. To obtain the stated precision 
for subjects with more variability in their daily intakes, the number of 
required recalls ranged from 9 for total calories to, 44 for linoleic acid and 
45 for cholesterol. Note that Balogh et al. were writing about attaining a 
particular standard jf precision for an individual *s dietary intake, and that* 
it is not necessary to use so many recalls for obtaining reasonable precision 
for group means. 

Comparisons Among Methods 

Fifteen studies have compared estimates of dietary irrt£ke obtained by thp 
various dietary assessment methods. A major objective of these studies is to 
determir-e whether nutrient intakes obtained by one method over- or under- 
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estimate intakes obtained by another method, A summary of findings from the 
15 studies is presented in Table II-1. In most^studies the criterion method 
was either the weighed food record or the estimated food record; however, 
some studies have -used the diet history as the criterion for the 2H-hour 
recall or the 2H-hour recall as the criterion for the food frequency. 

Diet History . Whatever criterion is u|ed, the diet history method appears to 
overestimate average values for most nutrients. This conclusion is generally 
attributed to Young et al. (1952a) as a result of their comparison of the 
diet history method with the estimated food record. However, overestimates 
using -the diet history were also obtained by Lubb (1968) in comparison with 
weighed food records and Youn* et al. (1952b) in comparison witfi the 24-hour 
recall. The magnitude of differences obtained by the diet history and other 
.methods varies. Most discrepancies in 6he studies by Young et al. were- 
greater than 20 percent. In Lubb's study, the discrepancy was, much smaller, 
with only vitamin A and ascorbic acid differing by more th<p 10 percent. 
/ Trulson (195*0 found that in comparison with estimated records the diet 
history overestimated milk consumption, but showed good agreement with other 
food "groups. Huenemann and* Turner ( 1 9^2) found that subjects' both over- and 

underestimated food quantities and omitted some foods altogether. 

/ 

2** -Hour Recall . The 2^-hour recall has been compared to the weighed food 
record, the estimated food record, and the diet history. Underestimates are 
frequently noted for the 2H-hour recall, but the nutrients affected vary by 
study and not all researchers find the same results. Fiv'e of the studies 
found that the 2^-hour recall underestimates calories. Young et al. (1952b) 
showed that the 2H-hour recall overestimated calcium, vitamin A, ascorbic 
acid and riboflavin, but Gersovitz et al. (1978) found that it overestimated 
only protein. Tru • m (195*0 found no significant differences in mean 
protein values obta by recalls and estimated food records. Stevens et 
il. found that the 2^-nour recall underestimated protein and calcium compared 
to the vliet history method. 
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Table II-l. Results of Studies Ccmpafring Different 
Methods of Dietary Assessment 



Criterion Method and Studies 


Estimated Record 


Diet HistoLy 


1 

24-Hour Recall 

i — 


i 

1 \ 

Food Frequency 


WEIGHED FOOD' RECORD: 






i 




Huenemann and Turner (1942) 
^Diet history vs. weighed 

25 children. 




Overestimates and 
underestimates 

fic nutrient. 






Lubb (1968) 

Diet history vs. weighed 
food record in sample of 
30 7-year-old children. 

4 




Overestimates all 
nutrients except 
niacin; but only 
vitamin A and 
vitamin C have 
differences 
greater than 10%. 


\ 




Adelson (1960) 

24 hr. recall* vs. weighed 
food records in sample of 
59 male adult subjects. 
(♦Recalls taken for 7 days 
during same period as 
records were kept.) 


\ 




Underestimates * 
calories but 
variable pattern 
for other 
nutrients. 




Acheson et. al. (1980) 

24 hr. recalls* vs. weighed 
^food; records in sample of 
12 adult subjects. (*Recalls 
were self-administered 
1 without food models.) 


i 




Underestimates 
calories; other 
nutrients not 
reported. 

! 
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Table II- 1. Results of Studies Comparing Different 
Methods of Dietary Assessment (Cont'd) 



Criterion Method and Studies 



Estimated Record 



WEIGHED FOOD RECORD : 

Thomson (1958) 

24-hour recall vs. 
weighed food record 
in sample of 20 pregnant 
women . 

Gersovitz et al. (1978) 
24-hr. recall vs. 7-day 
estimated food record 
vs. weighed consumption 
of one meal in a sample 
of 65 elderly subjects. 



ESTIMATED FOOD RECORD : 

tfoung et al^ (1952a) 
Diet history vs. 
estimated records in 
6 different samples of 
subjects . 

Young et al. (1952b) 
Diet history vs. 7-day 
estimated food record vs, 
24-hour recall in 3 
different samples of 
subjects. (Grade school 
children, high school 
and college students and 
pregnant women.) 
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Underestimated 
calories and 
thiamin but no 
differences for 
other nutrients. 



Diet History 



Overestimates 
calories and 8 
nutrients . 



24-Hour Recall 



Food Frequency 



Underestimates 
calories. 



Overestimates 
protein but no 
differences for 
other nutrients. 



Overestimates 
all nutrients 
but only 
calcium, 
vitamin A, 
ascorbic acid 
and riboflavin 
show differences^ 
greater than 10%. 
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Table ll-l. Results of Studies Comparing Different 
Methods of Dietary Assessment (Cont'd) 



j— 



} Criterion Method and Studies 


, Estimated Record 


Diet History 


j 24-Hour Recall 


Food Frequency 


f 

, ESTIMATED FOOD RECORD: 


i 
i 




I 




Trulson (1954) 

Diet history vs. 7-day 
» record vs. 24-hr. recall 
in sample of 37 clinic 
patients. (Children ages 
/ Lc. anu u ano older.) 


i 
1 


Overest/nlStes 
milk intake; no 
significant 
differences for 
other food groups 
or protein. 


t 

' No significant 
| differences for 
1 food groups or 
protein. 

, i 


.i 


Balogh et al. (1968) 

Food frequency vs. diet 
history vs. 7-day record* 
in samples of 48 and 14 
• adult subjects. 
(*Esti\nated record with 
weighing of some foods) 


i 
i 

i 

i 

i 


• 


t * 

l 

J 


NO significant 
differences for 
calories, protein*; 

and fat. j 

* 

! 


Madden et al. (1976) 

24-hr. recall vs. observed 
consumption of one meal 
in sample of 76 elderly 
subjects. 




\ 


Underestimates 
calories but no 
difference for 
other nutrients. 1 




« 

DIET HISTORY: 




i 




1 

! 


• 

Stevens et al. (1963) w 
24-hour recall vs. diet 
history in sample of 
74 adult subjects. 


i 
i 

1 

i 

i 

» 


i 
; 

1 


Underestimates 
protein and 
calcium; var lable 
pattern for 
calories, fat, 
vitamin A and 
ascorbic acid. 


1 
i 
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Table II-l. , Results of Studies Comparing Different 
Methods of Dietary Assessment (Cont'd) 



Criterion Method and Studies Estimated Record Diet History 24-Hour Recall 


i 

Food Frequency ^ 


DIET HISTORY: 

Stefanik and Trulson (1962) 
Food frequency vs. diet 
history vs. estimated 
record in 2 samples of 
adult subjects. 

< 

Epstein et al. (1970) 
Pood frequency vs. diet 
history in sample of 161 
adults grouped by age, 
sex, and country of origin. 

1 


! 

i 


! 

i i 

: 

. • 1 

i 
1 


? 1 

1 

No significant 
i differences in ' 
j average number of 
• times food items 
f were reported. 
! 

Underestimates 
calories and 
carbohydrates; 
variable patterns 
for fat 
constituents. 


24-HOUR RECALL: i 
— — 1 

j 

Hunt et al. (1979) j 
Food frequency vs. 24-hour ! 
recall* in sample of 50 
adult subjects. (*5 ' 
recalls/subject taken \ 
once/week over 5 
consecutive weeks.) 




j 

i 

i 


Overestimates most 
nutrients but 
difference is less 
than 10% for 
calor ies , protein , 
carbohydrate and 
niacin. 
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Both Madden et al. (1977) and Gersovitz et al. ( 1978) found that the 24-hour 
recall exhibits the "flat-slope syndrome. 11 This phenomenon results from a 
tendency for persons with low intakes to overreport food consumption and 
persons with high intakes to underreport food consumption. Gersovitz et al. 
showed that flat-slope syndrome does not occur in the first three days of a 
study using a seven-day estimated food record, but that it appears as the 
days of recordkeeping progress. 

The flat-slope syndrome diminishes the difference in mean values obtained for 
two groups of subjects. Madden et al. and Gersovitz et al. point out that 
this can affect evaluation studies that compare the nutrient intakes of 
program participants with nonpar ticipants. The tendency to underreport large 
intakes and overreport small intakes increases the chance that data from 
24-hour recalls will produce "false negative" results—that is, a failure to 
detect a real difference when one actually exists, or an underestimate of the 
magnitude of tne difference between the two groups. There is' less likelihood 
of producing a "false positive" result when comparing the two groups; that 
is, it is not likely that a difference- will appear when, in" fact, none 
exists \ The consequence of the flat-slope syndrome ' is that when a 
significant difference is detected between program participants and 
nonpar ticipants in dietary data obtained from, recall, one can be fairly 
confident that the program has had an impact on dietary behavior. However, 
if no difference is found, the conclusion is less certain. It is possible 
that the program had an effect, but the method was unable to detect it. 

Food Frequency . If the diet history tends to result in overestimates and the 
24-hour recall tends to result in underestimates, the food frequency tends to 
fall somewhere in between. 

Stefanik and Trulson (1962) compared the number of times food items were 
mentioned on diet histories and on estimated food records from different 
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samples of subjects with the number of times the .same items were coded 
food • frequency questionnaire. Although there were few cases of exaot 
agreement, most differences were insignificant. The authors concluded that 
the food frequency gives qualitative results that are similar to the history 
and record methods. 

The question of whether the food frequency gives quantitative results that 
are comparable to other methods was investigated by Balogh et al., 1968; 
Epstein et al., 1970; and Hunt et al., 1979. In the study by Balogh et al., 
close agreements for- individual intakes of calories and the various 
constituents of dietary fat were found between the food f reqi encfand the 
diet history methods and between the food frequency and the seven-day food 
record. The subjects of this study were adult males with homogeneous 
backgrounds who were participating in a study of heart disease. To determine 
whether the same results would be obtained from a more heterogeneous group of 
subjects, Epstein et al. compared amounts of calories and dietary fat 
constituents obtained by food frequency and dietary histories from 161 
subjects representing different ages, sexes and countries of origin. These 
investigators found that correlations differed among the various groups of 
subjects. None of the correlations were as high as in the study by Balogh et 
al. Mean daily intakes from the food frequency method were lower than means 
obtained from the history. The difference was greatest for persons with the 
most varied diets. The authors concluded that the food frequency method 
could not provide valid quantitative estimates of nutrient intakes in 
heterogeneous populations or in populations consuming a varied diet. 

Hunt et al. also concluded that the food frequency cannot be used to obtain 
quantitative data. Hunt et al. compared average intakes computed from five 
21-hour recalls taken from each of 50 adult subjects once a week for five 
consecutive weeks with average intakes computed from the food frequency 
questionnaire. Significant but only moderatrely~hlgh correlations were found 
for calories, vitamins and minerals. For most nutrients, the food frecjency 
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gave group averages that were 16 to 28 percent higher than group averages 
obtained from the recalls. 

Discussion 

Studies that have addressed reliability and validity considerations in the 
selection of dietary assessment methods have evaluated the accuracy of the 
methods , determined the number of days required for estimates of individual 
and group intakes, and compared results of the various methods with one 
another. Analysis in the latter approach has attempted to measure the 
discrepancy that exists in the quantities of foods or 'nutrients obtained by 
the various methods and characterize them in terras of over- or Under- 
estimation. 
- 

The component of accuracy that is affected by measurement error has been 
studied by several investigators. It is generally concluded that data 
collection requirements of the weighed food record cause subjects to alter 
their usual food behavior (Burke & Pao, 1976). Several investigators have 
also shown that considerable measurement error can occur in estimated food 
records (Huenemann & Turner, 1942; Young et al., 1953b; Hankin et al., 1967; 
Lockwood et al. , 1968).. Good reproducibility can be obtained with 24-hour 
recalls used with children (Frank et al. , 1977) and adults (Beaton et -al., 
1979) when trained interviewers use standardised protocols. The same 
conclusion is warranted for diet histories taken from adults (Dawber et al., 
1962). 

Several factors affect the accuracy of measurements. Foods that are eaten in 
standard portion sizes such as slices, glasses or cups appear to be measured 
or recalled more accurately than foods served in "piles, " "mounds, 11 or 
"handfuls 11 (Moore et al., 1967). 
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It has been shown that intake amounts obtained from 24-hoi.r recalls are 
substantially higher when probes are used by interviewers (Campbell & Dodds, 
1967). It has also been shown that the use of graduated food models 
increases the portion size estimates by subjects (Moore et a).., 1967). 

A limited number of studies have tested the ability of children to take 
accurate measurements or to recall accurately the amounts of foods consumed. 
There is evidence that children can give accurate information by recall 
(Bransby, 1918; Meredith, 1951) and by estimated food records (Young et al., 
19^3b) when they are aware that a study is taking place. However, estimated 
records may be less accurate when children are not prepared for the study 
(Young. et al. , 1953b) . 



The ability to produce an accurate recall improves with the age of the 
child. Children in grade 4 recalled 20 percent more foods in their school 
lunch than children in grade 1, according to one study (Emmons & Hayes, 
1973). However, it is not clear that mothers would be able to provide more 
accurate information for the younger children. In the study by Emmons and 
Hayes, there were fewer significant correlations between mother and child 
recalls for a 24-hour period in grades 1 to 2 than in grades 3 to 4. As the 
authors note, this analysis does not indicate which respondent was more 
accurate, since food actually "consumed by the child for the 24-hour period 
was unknown. There is no good indication from other studies whether dietary 
data on children in grades 1 to 2 should be taken from the mother or the 
child, but the conclusion of Emmons and Hayes is that children in grades 3 
and above "can give comprehensive dietary information" (p. 415). 

The length of time to be covered by a dietary assessment depends upon the 
amount 'of intra inc vidual variation that occurs in the intake of various 
nutrients, the precision desired, and whether the data will be evaluated for 
individuals or groups. Studies have shown that vitamin A and ascorbic acid 
show considerable, day-to-day and seasonal variation in the diets of children 
\ . 
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(Widdowson, 19^7 ; Hueneman and Turver, 19^2; Eppright et al., 1952; Young et 
al., 1951). Cholesterol and sodium intakes also exhibit large daily, 
variations in the diets of adults (Beaton et al., 1979; Hankin et al., 1967). 

Only two studies have actually attempted to specify the number of days of 
observation needed to obtain valid estimates of various dietary 
constituents. According to Chalmers et al. (1952), a one-day food record or 
recall is sufficient to characterize the intake of groups of 60 ^ubjects or 
more within 20 percent of their actual intake for calories, protein, 
oalcium, iron, thiamin, niacin and riboflavin. Approximately 10 percent more 
subjects should be added to the sample to obtain the same precision for 
estimates of ascorbic acid. 

Valid estimates of nutrient intakes of individuals cannot be obtained from a 
one-day record or recall. Depending on the precision desired, several weeks 
or months of observation may be required to obtain valid estimates for highly 
Variable dietary constituents such as ascorbic acid (Chalmers et al., 1952) 
and cholesterol (Salogh et al., 1971). Vitamin A is so variable that it may 
not be possible to obtain valid estimates of this nutrient for either groups 
or individuals (Chalmers et al., 1952). 

Both the accuracy with which the data ate collected and the 1 period of 
observation affect the degree to which dietary data obtained by different 
methods compare with one another. When data from weighed or estimated food 
records are used as the criteria, the 2^-hour recall tends to underestimate 
food and nutrient intake (Adelson, 1960; Acheson, et al., 1980; Thomson, 1958; 
Madden et al., 1976). The tendency for persons with low intakes to^_J 
overreport food consumption and persons with high intakes to underreport Jrfod 
consumption causes a flat-slope syndrome in 24-hour recall data that can 
obscure real differences among groups of subjects. 

\ 
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Dietary histories tend to overestimate food and nutrient intakes as compared 
with data from weighed and estimated records (Lubb, 1968; Young et al., 
1952a; Trulson, 195*0- Different estimates are obtained for the food 
frequency depending on the method to which it is compared. No significant 
differences are found where numbers and kinds of food items are compared 
rather than the quantity of intake (Stefanik & Trulson, 1962). Quantities 
may also agree when the dietary habits of the population are homogeneous 
(Balogh et al., 1968); but in heterogeneous groups, the food frequency 
underestimates intake compared with the diet history (Epstein et aL, 1970) 
and overestimates intake compared with the 24-hour recall (Hunt et al,, 
1979). Also, while the frequency with which a food is consumed roughly 
corresponds with quantity, there is less agreement when food groups rather 
than separate items are assessed (Abrahamson et al,, 1963)- This means that 
intake of food assessed under broad group headings (e.g., fruits, vegetables, 
cereal, meat, etc.) will be less accurate and will reduce the degree of 
correspondence obtained between a food frequency questionnaire and other more 
quantitative methods. 

FEASIBILITY AND COST 

To a large, extent the feasibility of methods of collecting dietary data is a 
function of the degree of cooperation that can be expected from the 
subjects. Cost also determines feasibility, since what is possible^ in a 
large-scale study is frequently constrained by the budget. Principal 
components of cost in dietary surveys are the level of expertise required of 
persons assigned to collect the data c id the time required for data 
collection, coding and analysis. Analysis costs are contingent upon whether 
food nutrients are obtained from chemical analysis or calculations based on 
tables of nutrient composition. The differences between these two methods 
are discussed in the following section of this review. 
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Weighed Food Record 

According to Pekkarinen (1970), expenses in a dietary survey are highest when 
outside investigators are used for the precise weighing method. One person 
is able to weigh the food of only a few people at a time. Keys (1979) 
described the experience of the Seven Country Study, In this study, one 
•dietitian obtained data from two families per week by living with one family 
and walking to the other family's home at mealtimes. The method is practical 
in rural, unindustrialized areas where mealtimes are regular and most people 
consume all food at home, but it is not feasible for large-scale surveys in 
the United States. 

The time' % spent by data collectors in the field can bY reduced if subjects, 
weigh their own food, but the cost of supplying each subject with a scale 
must be considered. Furthermore, according to Marr^( 197Ur^is method stil^ 
requires some supervision by y the investigators. Marr quolW^studies in which 
supervision ranged from daily visits throughout data collection to one 
contact at the beginning and one at the end of the data-collection period. 
In Adelson^s^study (1960),'thG initial visits to train subjects averaged one 
hour, and three shorter visits were made during the week of recordkeeping. 
Den Hartog et al. (1965) used one dietitian for every five families involved 
in keeping weighed records for one week. The costs of supervision will 
increase proportionally to the number of days covered by the 3tudy. The 
authors of various reviews do not state what expertise is required of 
.supervisors. Dietitians were used in most studies. 

Estimated Food Record . Marr (1971) believes that direct daily supervision of 
subjects using an estimated food record is not required, but that a detailed 
interview is desirable to check the subject's ability to make accurate 
measurement s . In a study that extends beyond two or three days , more 
accuracy ciay be obtained if investigators make follow-up visits to the home. 
In a study by Eppright et al. ( 1972), investigators visited each home at 
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least twice. Improved accuracy is also obtained when subjects are supplied 
standard sets of household measures. 

Estimated food records may involve higher data processing costs than weighed 
records, since household measures must be converted to metric equivalents 
(Burke & Pao, 1976). However, some computerized nutrient data bases are 
programmed to make this transformation. ; 

.0 

21-Hour Recall . The costs of conducting a 2U-hour recall vary according to 
the time, personnel and equipment. The least expensive means of obtaining 
data is to allow subjects, to self-report their intakes on a blank sheet of 
paper; howler, as shown by Adelson, et al. (1980), the accuracy of results 
will suffer from a lack of supervision. Recalls of 2U-hour consumption can 
take as little as 30 minutes using trained interviewers (Burke & Pao, 1976). 
The HANES interview, which ^included both the 2K-hour recall and a food 
frequency index, was conducted in 30 minutes (Youland & Engle, 1976). 

There is some difference of opinion about the level of personnel required to 
conduct the interview. Persons with dietetics backgrounds are familiar with 
food varieties, forms of pu chase and methods of preparation, but there is 
concern that their experiene has led to the development of firmly entrenched 
styles of _inte^ewing_^_lt^. a y be difficult for these people to adhere to a 
standardized protocol if it difTersfrom their own developed standards. It 
appears that the ability to establis>\rapport with the subject, follow 
directions and record data accurately are the vost important characteristics 
of persons who will serve as interviewers for the 24-hour recall, provided 
that it is possible to assure adequate training and quality control. 

Besides costs of training, other potential costs are in the types of food 
models and other visual aids used in the interview. Homemade models, sucr as 
those described by Moore et al. (1 9 67), are fairly inexpensive but take 
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time to construct. Lifelike replicas are commercially available, but may 
cost several hundred dollars a set. * ' 



Food Frequency . The time required to ^atflfiThi^ter a food frequency 




questionnaire will depend ' upon the number of separate food items on the 'list 
and whether quantities as well as frequencies are assessed. A short form 
such as that used in HANSS can be administered in five to ten minutes. The 
food frequency interview described by Balogh et al. (1968) included an i 
a^sespment of quantities using food models and household measures. The 
number of food items on the list is not reported, but the authors state that 
the interview usually took 15 to 20 minutes. However, a few subjects had the 
habit of repeating each 'question and thinking about it before answering. For 
these subjects, the time needed to complete* the interview was two to three 
times "longer than usual. 

Although food frequency questionnaires^ -can be self-administered most / 
research studies report that the interview was conducted by nutritionists. ^ 
Balogh et al. used nurses and Epstein et al. (1970) used lay interviewers to 
administer the questionnaire. Balogh et al. say that the nurses were chosen 
on the basis, of personality and their ability to listen. Three days of 
.intensive training by a nutritionist werfe provided, and, each interviewer was 
given a field manual containing interviewing and coding instructions. Also, 
the nutritionist made random observations of the interviews for quality 
control. 



Diet History . Since the diet history contains so many variable procedures, 
the time .costs of conducting an* interview are difficult to specify. 
Estimates vary from 20 to 60 minutes per subject. Pekkarinen (1971) says 
that the average is** 30 .minutes in most surveys and that an experienced 
interviewer is able to interview 10 to 12 persons per day in one location. 
Pekkarinen also claims that the method is cheap compared to other methods, 
since it does not require large numbers of trained personnel. However, 
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according to Burke (1917), "the , ideal person to take dietary histories in 
research is the nutritionist with special training for that purpose" (p. 
10^2 ) . Den Hartog et al. (1965) compared the work involved and the skill 
needed for diet histories with the time required to train and supervise 
subjects using weighed food' records. These investigators concluded that the 
training and skill needed by dietitians was greater for the diet history 
method, since they have to gain the ^confidence of respondents, resolve 
discrepancies between the usual intake and the cross-check without leading 
the subject, and make judgments about the foods and portion sizes that 
represent the subject's characteristic intake. 

Coding data can also be complicated in the diet history. Mann et al. (1962) 
report that coding procedures requiring a nutritionist to assign food and 
quantities to coded categories took approximately an hour and a half. 

Discussion 

The primary field costs incurred in dietary surveys are 'attributed to the 
level of expertise required of personnel and. the time required for. data 
collectibn, coding and analysis. Although there is some disagreement in the 
literature, it generally appears tha,t diet histories require the most, 
specialised expertise. Persons taking diet histories must possess knowledge 
about food and nutrition required to make judgments about the reliability of 
the data and subject's typical food intake. Food records, 24-hour recalls" 
and food, frequency interviews require less experienced personnel. The 
ability to establish rapport with subjects, to follow directions and 
perform— or teach subjects to perform—accurate measurements are the primary 
qualifications of data* collectors for these methods, provided that adequate 
training and quality control procedures are adopted. 

Field costs afe highest in methods that require supervision of subjects Ln 
their homes over a prolonged period of time. They are lowest when data can 
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, be« collected from several subjects at one .location in a short period of 
timeT^ffn the order of highest-to-lowest field costs, the various methods of 
dietary assessmen t can be ranked as follows: * *, ~ tJ 



i 

1 . weighed food record by investigators * 

2. / weighed food* record by subjects 
3* estimated food record ^ - 
,f v. diet history . 
5. 2^-hour recall 
6* food frequency .questionnaire 

\ r 

The order of field costs is affected by the accuracy desired. Obviously , 
greater accuracy is obtained ^by closer supervision and mora thorough x 
questioning. However, too much interference by the investigators risks 
altering the subjects 1 normal eating behavior or their tendency, to provide 

truthful inforraatio* * ' 

v ... , 

jg^f Costs of equipment are usually minor in dietary suryeys. compared with other 
methods of Nutritional status assessment, but they are a factor to be 
considered. Weighed food records require scales; estimated food records 
require household measures; and recall -methods require food models. The 
cost> of food models are most variable, since they depend on the types used. 

All .methods that estimate food portions in household measures may involve 
additional coding costs if household measures must be converted to metric 
equivalents by hand. This and other coding procedures can take a^s long as 
one-and-one-half hours of interviewer time per Subject. 



133 

% 1714 



ANALYSIS OF DIETARY .DATA 



/ 



Chemical . Analysis 



Once— a— dietary data collection method has been selected, decisions must be 
made about ways in which the data will be analyzed. Some analyses require no 
more than simply grouping foods into .various categories and counting the 7 
number -of times various foods or food groups are consumed. Most studies, 
.however, seek to , determine the nutrient content of the food. The mist 
accurate means of determining nutrient content is. by chemical analysis *j(Marr, 
1971; Eagles et al., 1966). In practice, chemical analysis is mainly used 
toth methods that collect dietary data ' prospectively by weighing or 
estimating portion sizes as eaten. A duplicate serving or aliquot of each 
item is .collected from' each subject, and a homoginate for an entire meal or an 
entire day is made. If the sample must be sent to a" laboratory for later 
analysis, it is frozen and packed for'shipment .•' > J 

Theoretically, it is also possible to perform chemical analysis,, on foods 
obtained by recall methods." In this case, exact duplicates "of the foods, 
recalled i „by. subjects are prepared from recipes or directly purchased. 

in- large-scale' surveys, the costs of performing chemical analysis are 
prohibitive f Furthermore, it might even be argued that chemical analysis Is 
not appropriate Tor field studies because dietary assessment, made as part of 
total- nutritional assessment, should reflect average nutrient intakes rather 
than the nutrient content of a single sample of food. 



Food Composition Tables . 



The nutrient content of food can also be estimated from tables of food 
composition. Using tables is less expensive than chemical analysis. The 
availability ;of .computerized data bases has helped make values calculated 
from food composition tables the preferred method of analyzing dietary data 
in large-scale field 'studies. 
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Most„ but not all) valiies in food composition tables are derived from several 
samples of the food. The average values, therefore, are not precise for 
amounts actually consumed by th6 subjects. The degree pf correspondence 
between analyzed and calculated nutrient values has been the subject of 
several studies Interpretation of the results is dependent on knowledge of 
the technology for determining the nutrient content" of food and the 
variations in food composition that occur in different varieties, * and 
different forms of preparation. Trtese matters are .beyond the scope of this 
chapter.. However, Marr (1971) concluded after a brief review of the 
literature that absolute agreement, is not achieved, and agreement for some 
nutrients is better than for others. Marr said that because there is a close 
association belween calculated and analyzed values, it is pos'sible to compare 
individuals intakes relative to each other and to compare groups oi 
individuals, both in terms of means and at the extremes of the distribution, 
[tor calories ,and most nutrients., In the studies reviewed by Marr, calories 
and protein, had better agreement than fat and carbohydrate, but values for 
calcium) and iron had thp poorest agreement of all. No data are reported by 
Marr for agreement between calculated and analyzed values of vitamins, but 
their general properties indicate that values for cooked foods would agree 
less well, for vitamins suc|i as ascorbic acid (which are water soluble and 
heat' labile) than for the more stable fat soiuble vitamins, such as vitamin A* 

Nutrient ta Bases » • . 1 

Description . There are approximately 35 different data bases that can be 
used to calculate the nutrient content of foods (Fisher, , 1979) . Most have 
been produced by and are available frpm government agencies or universities. 
Others are the. private property of food manufacturing cqmpanies. ^At the 
Fourth Annual Nutrient Data Bank Conference (1979), participants discussed 
efforts to catalogue the features of all available data bases; at present, no 
such catalogue exists. 
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Most data bases that are available in the United^S^ates ^draw upon data that 
have been compiled by-, the United States Department of Agriculture. 
Agriculture Handbook .No. 8 (Watt et % al. f 1963) is Ve USDA's standard 
reference on- food composition. It contains nutrient daW for -over- 3,000^ 
^different foods. Amourlts of food energy, protein, fat, carbiQhydrate , crude 
fiber, calcium, f phosphorus, iron, , sodium potassium, vitamin\A, thiamin, 
riboflavin, niacin, arid ascorbic acid are provided . for 100-grak (edible) 
portions of tfood • and for one pound as purchased. Handbook No.\8 also, 
contains separate tables for the fatty acid composition of foods. The\last 
.complete revision of Handbook No. 8 was dn 1 963. A more recent seri^, 
Agriculture Handbook No. 456 (Adams, 1975), converts data from handbook No. 8 
into "common household measures. Home ^Economics Research Report No. 36 (Orr, 
1969)" gives the' ^amounts of pantothenic acid, vitamin B> and vitamin B 
in. 100-gram edible portions and. in one-pound /amounts as purchased'; Various 
portions of ? Handbook No. 8 and Handbook No. 456 are available to the public 
as computerized data bases. / / 

Data in handbooks published by the Department of Agriculture are drawn from a 

variety of sources. Values for carbohydrate, fat and protein represent, 

"proximate" composition. The fatty acid compositions are based oni studies 

% . / r 

conducted . before 1955 and do not use newer, more accurate methods, such as 

gas-liquid chromatography. Several [ methods have been used to obtain the 

mineral composition of foods. Sodium values include amounts added in 

processing, but do not include amounts that might be typically added at the 

table. Many foods listed in Handbook No. 8 have missing sodium values. . It 

4 

should also be, noted that the published figures for nutrients are for the 
amounts present in the food, rather than the amounts actually available for 
metabolism. They do hot take account of factors 'that influence absorption 
and utilization of the nutrients from food". 

i 
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Various methods of vitamin analysis were used in compiling Handbook No. 8., 
Vitamin A values are $ised on physical-chemical determinations of total 
carotehoids or of individual carotenes and cryptoxanthin. These values are 
then converted to a composite expressed in international units (IUs). Niacin 
values ar^ based on chemical and microbiological "assay methods that measure"' 

free acid following release 'by enzyme, acid or alkali treatments. They do 

, r 

not include amounts of j niacin available^ from tryptophan, an amino acid 
precursor of niacin that is found in protein. Vitamin C values for fresh, 
canned and dehydrated foods show ^educed ascorbate only . Values for frozen 
foods show total ascorbic acid| (i.e./ both reduced and dehydroascorbic, 
acid). Most figures probably underestimate amounts present, since data for 
some fresh products have variable but often large quantities of 
dehy'droascorbic acid . 

No comprehensive tables have as yet been compiled that include other known 
natrients/ However,, separate listings for nutrients such cholesterol 
^(Fealey, Criner, "& Watt, 1972), copper (Pennington 4 Calloway, 1973), zinc 
^Murphy, Wills & Watt, 1975), fola£in (Perloff & Burtrum, 1977) and vitamin E 
(McLajdghlin 4 Weihrauch, 1979) have been published. The Department of 
Agriculture is in the process of compiling these values into a revised 
edition of Handbook No. 8. To date, revised values have been released for 
herbs and spices, dairy and egg .products, baby foods, fats and oils, poultry 
products, and soups, sauces and gravies. In addition to the nutrient values 

the number of food 

samples used in the analysis and the standard deviations. 

i » 

Data in the handbooks are given for "generic 11 foods rather than for brand 
name products. There are few values listed for combination or "convenience" 
items. Many of the combination items are assumed to be made "from scratch." 
No values are available for fast^ foods or the many processed foods that have 
entered the market in recent years. Because of these deficiencies, most data 
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bases available for dietary analysis supplement data from Handbook No- 8 with 
dat^ 'obtained from other published sources and from food manufacturers, j 

j > 
Practica l Considerations in the Selection and Use of Nutrient Data Bases . 

-Because— data— WS^S&^^T^m numerous sources - ," there is"' generally poor 
^agreement among } the various* data bases when nutrient values for the tfsame 
.foods- are compared. This was recently shown in a study comparing jklues 
obtained for a common menu using different dat,a bases (Hoover, 1980). 
Although details of the study are not reported, a wide range of values for 
all nutrients was found. According to the author, possible reasons for the 
discrepancies may be related to coding the menu, portion size calculations, 
data base loading and program algorithms as well as different sources of 
nutrient data. 

These findings imply £hat the particular data, base selected for the analysis 
/of dietary data will have an effect on the results. A project jointly 
sponsored by the USDA and the University of Missouri is currently underway to 
develop a diagnostic tool whiqh will facilitate detection, of various sources 
.of error in the various 1 nutrient analysis systems (Hoover, 1980). Until the 
tool is' available, users .musVassess* each data base individually. 

Aside from the problems, of accuracy occasioned by the different data sources 
ysed for nutrient analysis, there are other practical considerations in the 
selection of data bases. Three major concerns are the compatibility of the 
software with the protocols for collection of the dietary data, the amount of 
data transformation required;, and the kinds of outputs that are produced. 

' - / - 

Income. 'Systems,' the software is specific, to the data input,! thus making it 
^necessary for the data base and the protocols to coincide. nFor example, the 
data base used in HANES i^ programmed to convert data input as Vood rabdel 

r 

portion equivalents to, nutrient composition. Use of this sysjtem demands that 
the HANES set of food models be used. ! 
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A substantial time cost is incurred if data collected from the subjects must 
be tranforraed before It is input i^hto ' the nutrient analysis system. The most 
time consuming transformations usually involve assigning code numbers' to the 
foods, converting the household portion sizes to metric equivalents and 
keypunching the data. This labor can be saved by using pre-coded data forms 
such as those developed for 2*l-hour recalls in conjunction with the Nutrient 
Diet Data Analysis (NDDA) system (Endres et al., 19,79). This system uses 
optical scanning, which allows the computer to transform marks on a specially 
designed form to food codes and amounts for automatic analysis. Interviewers 
mark boxes on the form that indicate portion sizes of each food. Food models 
correspond to the portion sizes on the form. The system saves time and 
minimizes coding errors, but the form is designed to cover an entire 2H-hour 
period. It is Yiot possible to separate data by meal or snack periods unless, 
separ^e forms are used. Furthermore, coding quantities of food into 
precoded categories reduces the degree of resolution obtained for 
quantitative estimates which could mask small but real differences in 
consumption between grcups. The NDDA systems represents a technological 
innovation in dietary - /methodology but, to date, its most practical 
application is/ in medical settings where dietary ° data can assist in 
counseling patients with nu£rition~related problems .y It has not been widely 
used in research requiring highly specific, quantitative data analysis. 

Outputs from different nutrient analysis 1 systems also vary. Most data bases 
contain the nutrients included in Handbook No. 8, but other nutrients such as 
vitamin E, folic acid, ^vitamin B^:, vitamin Bg, zinc, copper, and magnesium 
are not contained in all systems. Neither are cholesterol and constituents 
of dietary carbohydrate and fat. For some of these nutrients, values for 
many foods are not known. It is important to determine whether the datav base 
contains missing values for thes,e nutrients or whether values have been 
imputed for some foods. A large number of missing values for a nutrient will 
result in^ underestimates of the amount of that nutrient that is consumed.; 
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Imputed values are not necessarily! accurate; therefore, the results cannot be 



considered absolute. 



Another output feature is the conversion of nutrient intake to percentages of 
Recommended Dietary Allowances* In order to obtain accurate estimates for 
the RDA/ the age and sex of individuals must be entered with the dietary 
data. The user must also check which edition of the RDA has been used. 



Discussion . # 

Although chemical analysis provides the most accurate estimate of the 
nutrient content ofs^ood, values calculated from food composition tables are 
t*~5 only practical ffl^ans of obtaining this information in large-scale 
surveys. The data in food tables do not always correspond to calculated 
values for the same food/* but they provide close approximates for most 
nutrients and can be used to compare the intake of individuals * and groups 
(Marr, 1971). 

There ar| over 35 different nutrient data bases currently in use {Fisher, 
T979X. Each has different features regarding format ^or inputs, numbers of 
foods and nutrients that are analyzed, sources -of data for these nutrients 
and the kind's of outputs that are obtained from the system. Most data bases 
include values from USDA Agriculture Handbook No. 8, Additional information 
on nutrient values is. obtained from other published sources and from . food 
manufacturers. Knowledge of the nutrients contained in the data base and the 
sources of information is important in selecting a nutrient analysis system. 
Other considerations are the compatibility, of the system with dietary 
protocols and f the kinds of data - transformation required. These factors 
influence the cost of using the system and the amount of error that can 
potentially enter the system due to coding. 

* / •' 
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STANDARDS FOR DIETARY ASSESSMENT 

Whatever method is chosen to collect dietary data, the information must be 
/expressed in a way that facilitates meaningful interpretation. In studies of 
_ impacts^ of school nutrition programs, a common form of analysis is to compare 
^various aspects of dietary intake between program participants and 
nonparticipants. These comparisons may foous on the kinds, amounts or 
frequencies "of various food intakes or on the amounts of various nutrients 
that are consumed. / 

Assessment of Food Consumption 

^gfie simplest and least expensive methods are those that count or classify 
foods. They do not require the expensive step of converting food consumption 

I into nutrient values. Counting foods can be done with data obtained from any 
of thjp dietary assessment methods, but it is most often used with the 2^-hour 

, recall or the food frequency, pne common method _ is, _ to categorize food 
reported 2^-hour recalls intcu food^ groups and compare intakes to 

'recommended servings for each group. The Basic Four Food Groups (milk and 
dairy products, "meat and other protein foods, fruit and vegetables, and 
breads and cereals) are usually used in such comparisons. The Basic Four 
specifies different numbers cf servings from each group that should be eaten 
by children, teenagers and adults. The assumption in using the Basic Four as 
a standard is that di^s that meet the pattern are nutritionally superior to 
those that do not-^ 



This method can serve as a means of comparing the intakes of individuals or 
groups when only a crude estimate of nutrient adequacy is required. The 
method is unacceptable, however, when a more precise evaluation is needed, 
because foods within each of the Basic Four Groups vary widely in nutrient 
content. King et al; (1978) have shown that daily menus that meet the Basic 
Four requirements do not necessarily meet* the Recommended Dietary Allowances 
(RDA) for all nutrients. ^ ' * 
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rood frequency data, can also be analyzed according to the number of times 
various foods or food groups are typically consumed by program participants 
and nonpar tieipants. Aside from the Basic Four, there are no N generally 
recognized standards for evaluating the frequency of intakes of various 
foods, but interest usually centers on foods that are known to be high in 
certain constituents such as sugar, fat, cholesterol, and salt. A set of 
Dietary G uidelines issued recently by the U.S. Department of Agriculture and 
the Department of Health and Human Services states that Americans should 
avoid eating "too much 0 of these foods. USDA has published a planning'guJLde 
that lists foods hi^h in sugar, fat, cholesterol and, salt in an effort to 
reduce the frequency wi*h which these foods are served in school lunch 
programs (USDA, 1980). 

Tf recent innovation in dietary ! analysis is to express ^ntakes in terras of 
nutrient dersities, The x'ormu]* for nutrient * density may be a simple 
expi'essaon of the nutrient intake in' relation to 'calories or may involve 
calculations that rebate a nuti ient-and-calorie intake to the dietary 
allowance j (Sorenson & Hansen, 1975). The advantage of this method is that 
it allows both qualitative and quantitative comparisons to be made. By 
comparing nutrient densities of individuals or subgroups with densities that 
are typical for the population as a whole, one can determine whether low 
intakes of given nutrients are the result of insufficient quantities of total 
food or the result of poor food ehoioes. The nutrient density approach can 
be applied to individual foods as well as to total intakes and has been 

recommended as a means of defining "nutritious" foods (Guthrie, 1977). 

I 

/ V ' 

Assessment of Nutrient Intake 

The usual way to analyze dietary data requires .the conversion of foods to 
their nutrient equivalents. The distribution of intakes for each nutrient 
can then- bis examined and the mean or median intakes of groups can be- compared. 
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As a caution when interpreting the practical significance of statistically 
different meap values between groups, it should be pointed out that there is 
no apparent advantage in consuming nutrients in excess of body requirements 
and, for some nutrients, ' very high intakes can result in toxicity. 
Therefore, if. mean values are well above requirements, statistically 
significant differences among groups may have no practical meaning for health 
promotion, ... / 

\ . 

Tjie most frequently used standards for evaluating dietary intake in relation 
to requirements are the Recommended Dietary Allowances (National Research 
Council, 1980). Revised editions of the RDA have been published every five 
or six years since 1913. The most .recent edition cf the RDA (1980) is shown 
in Table Il-2. These allowances set levels, of intake for nutrients that 
provide adequate ^nutrition for most healthy persons in the United States. 
Except for calories, the built-in "margins of ^safety" set the allowances 

approximately two standard deviations above the average requirement for 

" ' " f - - * , i ' i 

.healthy individuals. For some age-sex groups, particularly, children, there 

is insufficient } information .about the variability of individual requirements 

to use two standard deviations as the margin. In these cases, judgments are 

made as, to the appropriate level at which to set^ the allowance. The 

allowance, for energy (calories), is treated differently because an excess of 

energy leads to obesity and may be detrimental to health. Recommendations 

for energy/ are estimates of the average needs of population groups, not the 

* recommended intakes for individuals. These needs vary from person to person 

and cannot be established for individuals without detailed information about 

physical characteristics and activity patterns (National Research Council, 

1980). * j ' 

Not all surveys use the RDA for evaluating .dietary intake. Large-scale 
surveys conducted in the United States., such as the Ten State Nutrition 
Survey (Center for Disease Control, 1972) and the Health and Nutrition 
Examination Survey (NCHS, Abraham et al., 1974), constructed their own 

\ 
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Table II-2. Foo<$ and Nutrition Board, National Academy of Sciences-National Research 
Cobncil Recommended Daily Dietary Allowances', a Revised 1980 



Fat-Soluble Vitaiums 



Water Soluble Vitamins 





Age Weight Height 
l>e«5 (7g)T<lb5 (JnT(m 


Energx 
) ~ 


Proton 

te) ~ 


min A 
A;ti\ it) 

<»>•, 


(HI) 


Vita, 
niin D 
(«•) 


min F. 

Actum* 

(It) 


hie 

\Clll 

0»g> 


Fdl.i 

rm' 


Nia 
cm" 
ting) 


Rifxi 
flax in 
(W) 


Ifaia 

mm 
<mg) 


Vila- 
miii 
<I"K) 


Vita* 
mm It]* 


Cal 

CMtm 

<»ig> 


I'hos 

phnhis 

<rog) 


lo<line 


Iron 


M.ig. 

iiesmm 

frng) 


7inc 
img) 


Infants 


00-0.5 


6 


H 


60 


24 


kg*X M7 


kgX22 


* 120* 


1,100*400 


r 


35 


50 


5 


0 1 


03 


0.3 


0 3 


360 


240 


35 


10 


60 


3 




03~l 0 


9 


20 


7i 


28 


kg X 108 


kgX20 


40a 


2.000 


100 




35 


50 


ft 


06 


05 


0 1 


03 


**I0 


400^ 


13 


15 


fc 70 


5 " 


Children 


1-3 


13 


28 


86 


31 


1.300 


23 


r 400 


2.000 


100 


i 


10 


100 


9 


08 


0.7 


0 6 


1 0 


800 


sdb 


60 


15 


150 


10 * 




4-sS 


20 


44 


"no 


4» 


1,800 


,30 


500 


2300 


400 


9 , 


10 


200 


12 


I.I 


09 


09 


1.5 


K00 


800 


HO 


10 * 


• 200 


10 




"7-10" 


30 


^66 




54 


2:100 


-^36 


—700" 


3.300 


100 


10 


10 


' 300 


16 


1.2 


12 


1.2 


20 


800 


800 


no 


10 


250 


10 


Males 


11*11 


41 


97 


158 


63 


2.800 


41 . 


1.000 


5.000 


100 


12 % 


15 


100 


IK 


' 15 


1.4 


1 6 


3 0 


1.200 


1 200 


130 


18 


"3.50 


15 




15-18 


61 


I3t 


172 


65 


3,000 


51 


• 1.000 


5 000 


100 


15 


15 


400 


20 


1.8 


15 


2 0 


3 0 


1.200 


1.200 


ir,o . 


18 


100 


15 




19-22 


67 


117 


172 


69 


3.000 


51 


1.000 


5.000 


400 


15 


45 


100 


20 


1 8 


1.5 


2 0 


30 


800 


800 


140 


10 


350 


15 




* 23-50 


70 


111 


172 


69 


2.700 


56 


1.000 


5,000 




15 


45 


100 


18 


16 


1.1 


2.0 


3 0 


HO0 
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10 


3*50 


15 




51 + 


70 
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172 


69 


2.100 


56 


1.000 ' 


5.000 




15 


15 


100 


16 


1.5 


1 2 


20 


30 


800 


800 


110 


10 


350 


15 


Females 


11-14 


H 


97 


ir>i 


62 


2.100 


11 


. -800 


1.000 


100 


12 


15 


100 


16 


1.3 


1.2 


1 6 


30 


1.200 


1.200 


115 


18 


300 


15 




15-18 


51 


119 


162 


65 


2.100 


48 


800 


4.000 


400 


12 


15 


100 


11 


1.1 


1 1 


20 


30 


1.200 


1.200 


115 


18 


300 


15 




19-22 


58 


128' 
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65 


, 2,100 


46 
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4.000 


J00 


12 


15 


100 


11 


1.1 


1.1 


20 


30 


K00 
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100 


IK - 


300 


15 




23-30 


53 
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65 


* 2.000 


46 


800 A 


4'000 




12 


r> 


100 


13 


1.2 


1 0 


20 


30 


800 


8O0 


100 


18 


300 


15^ 




31 + 


53 


128 


162 


65 


"> 1.800 


46 


800 


1000 




12 


Ij 


too 


12 


IJ 


1.0 


20 ' 


30^ 


800 


H00 


ftO' 


10 


300 


15* 


Pregnant 












+300 


+ 30 


1.000* 


5.000 


100 


15 


60 


K00 


+2 


+0.3 


+0 3 


2.5 


1.0 


1.200 


IITX) 


125 


IH + * 


450 


20 


Lac ta ting 












+500 


+20 


* 1.200 


6.000 


400 4 


\S 


80 


600 


+4 


+0.5 


+0 3 


25 


40 


1.200 


1.200 


150 


18 


150. 


25 



•The allowances are intended to provide lor individual variations among most norm.it pctsons 
ai they live in the.Lnited States under usual enxironmental stresses. JJiels should t>c l< <etl 
on a variety of common fooh in order to provide other nutrients (or which human requite 
menu haxe been leu well defined. See text (or mure detailed diuussiqn of allowances ami ol 
nutrients not tabulated, Sec Table I tp. 6> lur weights and heights !>> individual, jrji of 

' ■ O - - ' ' , f 

» Kilpjoules (k J) ~ 4.2 X kfal. ' 

* Refinot' equivalents. 

* Assumed to be all as remiul in mdk dunne the first six months of life. All subsequent intakes 
^.are assumed to be half as rrtinol'and half as fi carotene when calculated from international 



units. As return! equivalents, three fourths are a* retlnnl and one fourth as 0 carotene 
'Total xitamin K activity, estimated 10 Ik 80 pemnt js a tocopherol and 20 percent other 

tocopherols. See text for variation in allowances 
' The folacin altnwances refer to dietary sources as detei mined bv IJHtobauUui coiei assay 

Pure forms of folacin ma) be effective in doses less dun one fourth of the recommended 
' dietary allowance. 

'Although allowances are expressed as niacin, it is recognized that on the average I mg of 

niacin is derixed from eacli 60 mg of dietar) tryptophan. 
* This increased requirement cannot be met by ouUnAi) diets, therefore, the use of supple 

mental iron is recommended. 
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standards, for dietary evaluation. These standards were derived from the RDA 
and other sources. For some nutrients (e.g., calcium), the standard values 
were set below the RDA values. Therefore, assumptions regarding the "margins 
of safety" built into the RDA may not apply. Because these modifications can 
influence the interpretation of results, reports of dietary studies should 
clearly indicate what, standards are used to evaluate the data, how they 
differ from the RDA, and which edition of the RDA is being used. 

In dietary assessments of individuals or population groups, intake of a given 
nutrient is usually expressed as a percentage of the standard. This has been 
called the* Nutrient Adequacy Ratio (NARO by. some investigators (e.g., 
Hqagland 1978, 1980). When studies of population groups' show that the 
average intakes of T^utrients fall, belpw 100 percent of the standards for a 
particular age-sex group, some individuals in the group can. be assumed to be 
at risk for malnutrition.. The. relative degree of risk for two populations 
can be compared by examining, the proportions that have NARs below 100 percent 
for each nutrient. However, the exact extent of malnutrition, as defined by 
the number of individuals who have inadequate dietary intakes, cannct be 
determined from dietary data alone. Furthermore, the method used to collect 
the dietary information can influence the* prevalence estimates. All other 
things being equal, the shorter the period of .observation, the greater the 
variability of intakes in» the . population' will be. Therefore, the prevalence 
of low intakes will be higher when compared with a dietary standard than 
would be the case if longer periods .were observed' (Hegsted, 1975). Dietary 
data obtained by the. 24-hour recall would be especially likely to 
overestimate the prevalence of low dietary intakes in the population. 

Because an effort is made to set the Recommended Dietary Allowances above the 
average requirements of a population, it has been customary to consider 
intakes of individuals to be adequate if they equal at least two-thirds of 
the RDA (Jakabovitz et al., 1977). This conclusion can never be drawn from 
24-hour recall data since, in previous sections of this review, the 24-hour 
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recall method has been shown to be invalid for assessing the usual dietary 
intake of an individual. Even when habitual intakes of individuals are 
validly assessed, Hegsted (1978) contends that the adequacy of intake for an 
'•individual cannot be assessed from such data. When the two-thirds RDA cutoff 
is. used, there will still be some individuals who need more than, this 
amount.. In summary, the JLntake of an individual in relation to the allowance 
is no!t by itself an indication of adequacy. Dietary evidence must be 
accompanied by clinical and biochemical evidence before conclusions regarding* 
the status of an individual can be drawn. 

Another analytic technique used in some studies-, is to calculate a Mean 
.Adequacy Ratio ( MAR ^ for individuals by truncating NARs at 100 percent and 
calculating the average NAR for all nutrients. This value is^then treated as 
a continuous variable for statistical purposes. The MAR is a useful means of 
summarizing data for several nutrients, but its nutritional significance is. 
•questionable. The effects of consuming less than 100 percent of the -RDA for 
various nutrients are not . necessarily additive. Furthermore, mean valiies 
that result from slightly low intakes of several nutrients; may not be .as 
significant as mean values that result from a severely low value of a single 
nutrient. , ( 

Discussion 

Several different methods are available to analyze food and nutrient data 
obtained from dietary surveys. Simple, inexpensive methods involve counting 
the kinds, amounts or frequencies of foods consumed by individuals or 
groups. The number of servings or the frequency of consuming 'various types 
of foods can then be compared with standards such as the Basic Four Food 
Groups or the USDA-HHS Dietary Guidelines'. Such .methods can be used to 
-characterize the qualitative features of the dief but provide only crude 
approximations of the adequancy of nutrient intake (King et al., 1978). , 
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More quantitative methods require calculation of the nutrient content of 
foods. A repent innovation in dietary analysis expresses the nutrient 
content of individual foods ^or, total intakes in terms of .nutrient densities/ 1 
This allows investigators trace the cause of low intakes to inadequate 
total quantities of food consumed versus inappropriate food choices (Sorenson 
- 4 Hansen, 1975) * 

a 

I 

Differences „ in the distribution" of nutrient values can be compared among 
population groups. The significance of differences in mean values can be 
bbscured by the' flat-slope syndrome when data are derived from 2*J-hotfr 
recalls. Furthermore, a statistically significant difference in means may 
have little practical significance if all mean nutrient values are well above 
recommended allowances. 

"One of the most comnfon forms of data analysis is to dompare nutrient intakes 
with the Recommended Dietary Allowances. These allowances contain margins of 

safety which make it possible to conclude that most healthy individuals .will 

it . ' * 

have alle^va'fee^intakes^or nutrients if the allowances are met. The proportion 

of individuals whose intakes fall below the RDA can be taken as an indication 

of nutritional risk, but the exact incidence of inadequate, intakes in the 

population canno^ be known by this method, since data derived from relatively 

short periods of^observation will overestimate the number of persons with low 

values compared with the RDA (Hegsted, 1977). The identification of 

individuals who have inadequate intakes is never possible from dietary data 

-alone (National Research Council, 1980). Consequently, it is inappropriate 

to use cutoff points such* as two-thirds RDA to categorize persons with 

adequate or inadequate intakes (Hegsted, 1978). The^.se of composite ^ indexes 

sbch as Mean Adequacy Ratios has analytical value, but may have little 

practical meaning for the nutritional assessment of individuals or groups. 
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CONCLUSIONS 

Each of- -the dietary assessment methods that potentially can be used to .study 
the effects of school nutrition programs on the nutritional status of 
children has "been evaluated in terms of participant cooperation, reliability, 
validity and cost. The evaluation shows .that there is no totally 
satisfactory method of dietary assessment. Methods with the best ratings for 
Reliability or validity tend to have the poorest cooperation ratings and the 
highest costs. • j 

& ' r 

Weighed or estimated food records repeated over a year's time are best able 

_io_equalize the daily .variations in -dietary— intake-amor^— individuals-,— but 
they require a great deal of patience from subjects and supervision, from the 

* data collectors.. 

According to Chalmers et al. (3952), a ' one-day record is sufficient to obtain 
. valid - estimates of intake of most nutrients for groups, but longer periods 
are necessary for valid estimates of the intake of nutrients - for 
individuals ; For some nutrients, such as vitamin A, it may be impossible to 
obtain valid estimates of intake for individuals no matter how many days" are., 
studied-. , ' ... J ■ 

It has been shown that cooperation of subjects drops off markedly after three 
days of- recordkeeping (Gersovitz. et al., 197.8), but that good cooperation is 
obtained with three-day records (Di^rks & Morse, 1965). Estimated food 
records are also less likely to exhibit the flat-slope syndrome in. the first 
WeT3 days (Gersovitz et a,l., 1978). It might be concluded, therefore, . that 
the most reliable and valid, estimate of nutrient intake that captures 
individual and seasonal variations is a three-day record, repeated several' 
times during the year. The problems of cooperation and cost of this method 
would' make it infeasible ' in large-scale studies requiring probability 
samples, but it would be the method of choice in smaller longitudinal 
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studies. Even in this case, however, there is no way to guarantee that 
^recordkeeping wouid not alter the usual jeating habits of the subjects. Also, 
tt -may not be feasible to repeat the three-day record often enough to obtain 
accurate estimates of nutrients such as vitamin A and cholesterol, which show 
large day-to-day variations. * ; , / 

I - 

The food frequency, 24-hour recall, and diet history methods are reported to 
:have good cooperation rates and lower costs than "record ^methods. The 
reliability and validity ^of the food frequency method has not been studied 
extensively; however, a supportable conclusion from the literature is that 
the food frequency provides descriptive information about dietary patterns 
but cannot be used to obtain quantitative data on nutrient intake. While the 
frequency with which various' foods are consumed roughly follows the quantity 
of intake , for some nutrients, correlations are too low in heterogeneous 
populations with varied diets to have predictive value. The food frequency 
underestimates nutrient intake compared with the diet history and 
overestimates it compared with 24-hour recalls. Furthermore, the more that 
specific food items are aggregated into food groups in -rder to simplify 

analysis or minimize 'thSvfcime required for the interview, the lower the 

? ' * • 

correspondence between the 'freauency of .consumption and nutrient intake , 

, V ' 

Food frequencies that do. not assess the usual .portion sizes of foods as well 
as the frequency of consumption have even less quantitative value. 

•Both the 24-hour recall and the diet history methods reportedly' have good 
cooperation , pates and low rates of measurement errors when , standardized 
protocols are followed by trained interviewers. Although the 24-hour recall 
can ^theoretically take the "Torm of a self-administered questionnaire, the 
accuracy of both the 24-hour- recall and the diet history are improved when 
interviewers use probes and food models to assist the subject. The cost of 
the diet history is higher than a 24-hour recall because it generally takes 
longer to administer and code and requires more highly skilled personnel . 
These trade-offs must be balanced against reliability and validity 




considerations. A major question is whether the unit of data analysis in the 
study will be individuals or groups. ■ / 

The literature is unanimous in concluding that a 34-hour recall taken at a 

single point in time cannot be used to characterize the. diet of an individual. 

It can, however, give good approximations of the average . intake and the 

* if It 

-distribution of values in a group. There are twb qualifications to this 

conclusion. First is that,, relative ' to 4 methods such as seven-day- food 

records or diet histories, which cover longer periods of time, the /24-hour 

recall tends to underestimate nutrient intake. Consequently, it will provide 

an inflated .estimate of the proportion of the population with intakes that 

^ali m J>elbw„dietar^^^ low 
intakes tend to over-report and persons with high intakes tend to 
under-report in some sample? of subjects (Madden et al. f 1977; Gersovitz et 
al M 1978). This so-called flat-slope syndrome reduces the sensitivity of 
^the 24-Hour recall in, detecting ' differences ^ in the mean intakes of groups 
such as participants and, .nonparticipants, in a 'nutrition intervention 
: pr6gram. Cross-sectional st udies th *t jxse the 24-hour recall to compare 
group intakes should investigate this phenomenon and make accommodations for 
at in methods of data analysis or in the level of probability accepted for 

'statistical significance. " j / 

^ } * . ■ * • . 

The* diet" history, in comparison with otheh methods, has' been "shown to 
pverestlmaW It should be noted, however, that none of the 

studies- evaluating the diet history method* followed the exact procedures that 
were originally developed" by Burke. In Burke 1 s method, the usual intake 
obtained for a typical day was cross-checked by a frequency questionnaire and 
verified by a three-da^ food record. .Nutrient values obtained from the 
history were used to compare individuals to one another by categorizing- their 
intake of each nutrient according to the RDA. Relating the intakes "of 
individuals to the RDA is not appropriate when only dietary, data are 
analyzed, but Burke designed the rating system so^ that it could be correlated 



with 'biochemical, clinical, and anthropometric findings as well as other data 
on health status that were obtained in the first step of the history. It 
appears tHat the diet history method, including all of the steps originally 
developed by Burke, is aa— appropriate method to use as an alternative to food 
records in longitudinal studies that attempt to discern changes in the 
nutritional status o\ individuals. " j 

/ 

A final set of conclusions that can be drawn from the literature concerns the 
us.e of the various dietary assessment methods to obtain data from children. 
Evaluations of cooperation, measurement error and accuracy of the various 
methods using child subjects are based on studies in which the children 
providing the data were at least nine *to ten years of age. Children nine 
years and older are capable of giving accurate information, regardless of 
method, as long ^as. the protocols are well standardized and the data 

collectors are sensitive to the language and developmental maturity of the 

/ 

child*. Rapport is especially important with older children, who may not be 
r ' / 

as willing to cooperate or provide truthful information., t , ' 

The only methods that have been tested with children under nine years of age 
are the 24-rhour recall and the diet history, but ,raost authors are of the< 
opinion that children of this age are less reliable and accurate. However, 
the experience ^in HANES (Youland& Engle, f 1976) and the findings of Emmons 
and ^ayes (1973) suggest that mothers may not always be aware of what their 
children eat, especially away from home. Therefore, data from mothers of 
young school-age children may be no better than data taken directly from the 
child. , In over ^0 years of longitudinal research with children, Beal (1967) 
found that the bast solution, yhen taking dietary histories from children in 
the primary grades was to interview the mother and child at the same time. 
The same,' approach can> be recommended for the 24-hour recall. 

The literature provides no indication of whether food frequency 
questionnaires can be successfully administered to children of any age. The 
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ability to respond to the food frequency format requires the child to 
.calculate the number of ^ t5'nes f*.r day> week or month that each food is 
eaten/ Yotfng children might have difficulty performing these operations.* To 
ayci^ the need for calcwl*: ions? response categories such as "often," 
"seldom" and "never" can be used. However, the use of these categories 
limits the 'analytical power of the information. 

Although lor^g lists, of food items may be used in a food 'frequency 
questionnaire, most forms collapse focds into food groups. The . loss of 
quantitative precision when specific i^.ems are collapsed into food groups has 
already been pointed out. For children, food groups'" pose an additional 
prpblem: in order to" respond, children must know the correct groups t,o which 
food Uems belong. Results of a food frequency questionnaire for some 
* children could be more of *an indication of -their knowledge pf conventional 
f oodrgrpuping^systems than a reflection of their actual food intake. 

v. ., / ' ., .: , / - ; ■ . 

The advantage usually given for they food,* frequency is that it provides an 
indication pf dietary patterns or the v Consumption of foods * thought to be 
associated with chronic*; disease conditions. In a cross-sectional study, 
patterns of consumption for the foods of interest can be discerned from the 
number of fcimes^ the items are reported in the group. Frequencies in groups 
such as participants and nonparticipants of school nutrition programs can be 
^cpmpared. In longitudinal studies where the focus is more likely to be on 
individuals, theTsame "TcincT ~of~ 'data cari be - -obtained. .fjcpjL. Jthe diet history. 
Therefore the food frequency provides no additional information beyond that 
obtained by the 24-^hour recall and diet history methods* 



193 



Following data collection, information on food consumption xs usually 
converted to nutrient intake. Although chemical analysis is the most 
accurate method, values derived from food composition tables are the only 
practical means .of obtaining the information in large-scale field surveys. 
Computer programs for nutrient analysis are based on data from the U.S. 
Department of Agriculture, published studies, and food manufacturers. Data 
for nutriertts suctf as folic acid, magnesium, zinc, copper and Vitamin E — and 
for processed and convenience food items — will vary considerably according to 
source . / I j * 

A: number of methods can be used to analyze the results of nutrient analysis. 
Meaningful comparisons of data from groups can be made by comparing the 
distribution of nutrient intakes in relation to the RDA, although' intakes of 
individuals that fail/ to meet the RDA ^cannot necessarily be judged as 
deficient. Examination of the number, ^of the times various food (items 
containing/ high amounts of fat, sugar or salt are ^reported and the nut.rient 

density of the diet can supply additional information about the food patterns 

/ 

.of different groups; of subjects. 

* \ 

B - What Bioctiemical Methods Have Been Used to Assess NutAtional Status and 
What Are Their" Strengths and Weaknesses? 

OVERVIEW 

Biochemical measures of nutritional status are tests performed in a hospital, 
c<?minerciaT, or other laboratory to .determine the levels or activities of 
'nutrients in the^body (Cffristakisr \ 1973-)-- - The.^Jbeats are performed on 
biological samples that can be .collected from subjects at the laboratory or 
in the field. Most biochemical tests are performed on samples of blood or 
urine. Recently, methods thatf use other kinds of samples such as hair -and 
saliva have been developed. 

/ 
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•Not a\l nutrients can be evaluated by biochemical tests. According to 
Christakis (1973), biochemical tests are most commonly used to evaluate the 
status of the following nutrients: 

1. protein 

2. blood- forming nutrients: iron, folic acid, vitamin b/ and : vitamin 

B • 6 ' 

12 

3. vjater-soluble vitamins.: £ thiamin, riboflavin, niacin and,, ascorbic 
acid 

ty. fat-soluble vitamins: A, D, E and K 

5. minerals: iodine, trace minerals such as copper and zinc 

6. cholesterol, triglycerides, glucose and various enzymes that are 
implicated in heart .disease, diabetes and other chronic diseases. 

■ / 

More than one biochemical test .is available for most. of these nutrients. The 
different tests measure different aspects, of nutrient metabolism. Depending 
upon the test that is used, biochemical measures can provide information 
about an individual's recent dietary /intake or more long-term nutritional 
status; The levels of most nutrients in biological samples fluctuate in a 
normal .range depending on the amounts taken 'in the diet and the amounts 
present in body stores. If dietary intake is inadequate over a long enough ' 
period of -time 'the levels in the body will decrease. If the dietary 
deficiency continues, abnormalities will occur in body functions that depend 
upon the deficient, nutrients. Some biochemical tests detect these 
abnormalities before clinical "signs and symptoms appear. These tests are 
-therefore, sensitive ^indicators in the early stages of malnutrition^. : . 

Detecting the effects of over-consumption of nutrients Joy biochemical means is 
not as straightforward as detecting hutrienl deficiencies. The body has^ 
several ways of protecting itself from overconsumption. For example, water- 
soluble vitamins in the body" rarely exceed normal limits because excess 
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quantities are excreted in the urine. Fatrsoluble vitamins are not excreted, 
but are removed from the blood ahd stored in organs such as the liver* These 
stores cannot be examined witho.ut using invasive laboratory methods. , The 
amounts of vitamins naturally present in food "are not high enough to reach 
harmful levels, but toxic araountffftcan be obtained from large doses of vitamin 
supplements (see Chapter III). 

For some substances, such as iron ahd cholesterol, there are horaeostatic 
mechanisms that block absorption in the gastrointestinal tract* to prevent 
levels- in f^ e bod y from getting too high. For other substances, sqgh as 

t gluco£e (sugar) and calcium, levels in the body are under hormonal control. 

w 

Consequently, when higher-than-norraal levels occur, the cause is more likely 
the result of pathology which alters normal metabolism than of 
overconsuraption £er se. The relationships between high dietary intake and 
body levels of some substances (e.g., cholesterol) are not well understood. 

Not all of the nutrients listed by Christakis are feasible to study in lar^e- 
stfale field studies. In some ;cases, samples required for the tests cannot be 
collected in the field., In other casesi costs of processing samples from 
large numbers of subjects are prohibitive. Of those tests that are feasible, 
not all may be required to meet the objectives of the study. 

The selection of nutrients to be assessed by biochemical methods for a study 
of school nutrition program impacts in the United States should be based on 
results of previous studies and the known prevalence of nutrition problems in 
the school-age population. Both of these subjects are reviewed in other 
chapters Qf this report. Based on conclusions from this review, the 
assessment' of iron status should receive primary consideration. In the 
^following sections of this chapter, the strengths and weaknesses of methods 
to assess iron%nufcr fturV"irr children and^Jthe Standards available ~ror daU 
interpretation are discussed in detail. 
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The biochemical assessment of other nutrients offers less promise of 
detecting school nutrition program impacts. Nevertheless, brief descriptions 
of methods of asseasing protein, vitamin A, ascorbic acid thiamin, 
riboflavin, and the trace minerals copper and zinc are provided because *hese 
nutrients have been assessed in some of the major studies reviewed in 
Chapters III and IV, In addition, brief comments are made regarding the 
a; essment of serum cholesterol and other blood lipids in children because of 
current public interest in this subject. Following these discussions 
practical aspects of collecting biochemical .samples, including cooperation of 
subjects, procedures 'and relative costs, are reviewed. All of thet\e factors 
affect the reliability of biochemical measurements. A detailed explanation 
of the analytical methods used to .dlyze samples in the laboratory is beyond 
the scope of this chapter. However, Table II-3 (from Fomon, 1977) lists 
analytical methods that, are Recommended for a number of K nutrients. 
Interested readers are encouraged to pursue the references in this table and 
others>:mentioned in the text. 



ASSESSMENT OF IRON STATUS 

Most health assessments of children include an evaluation of iron status 
(Fomon; 1977; Sauberlich/ 197 1 *; Christakis, 1973; Owen & Lippman, 1977). 
Iron plays a critical role in the formation of hemoglobin, the pigment in red 
blood cells. The iron in hemoglobin binds oxygen to transport it through the 
body to the tissues and cells. 

The iron in hemoglobin accounts for approximately 67 percent of the. total 
iron in the body; A second location for' iron is in' the myoglobin of 
muscles. The iron in myoglobin- also binds oxygen, playing an important role 
in energy metabolism. Myoglobin contains about 27 percent of the body's iron 
reserves. Iron is present in small amounts in other body cells as part of 
enzyme systems that act as co-factors' in a variety of chemical reactions. In 
these enzymes, iron acts variously as a bridge between the enzyme and its 
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Table I I- 3. 



Biochemical Methods and Remarks Regarding Interpretation 



Substance 


Method 


Quantity 
Required 


~ Comment » 


H c 1009 1 ob i n 
(blood) 


V/ «uiiw» uicnv^iuuiu \u dxticii ct ai., 

1968a) 


20 pi 


Concentration of hemoglobin less than 11.0 
g/100 ml for children below -10 years of age 
and' less than 12.0 g/100 ml for older chil* 
ren (less :than'13.0 g/100 ml for males, over 
14 years of age) indicates anemia (Sec 
Part 11, Chap. 4). ' 0 — 


Hematocri t 

r 1 
i 


Capillary tube (O'Brien et al. r 
1968b) 


40 ul 


'Hematocrit less than 34 for children below 
10 years of age and less than 37 for older 
children (less than 41 .for males over 14 
years of *ge) indicates tnemia '(sec Part II, 
Chap. 4). . u 


Iron and iron* 
binding* capacity 
(serum) 


Manually by method of Fischer and 
Price (1964) or automated (Garry 
and Owen/ 1968) 


' 200 pi 
100 Pi 


Concentration of iron, iron-binding capacity 
and percent saturation of transferrin may re- 
quire different interpretation* in infants 
* than in older individuals (See Part II. 
Chap. 4) . 


F,ree erythrocyte 
porphyrins 

(blood) "* 


Method of piomelli.et al. (1976) 
with filter paper disc 


100 pi 


Free-erythrocyte porphyrin/heraoglobin ratio 
greater than 5.5 Pg/g indicates iron defi- 
ciency.,, * 


Total protein 
(seruraj 


Mi cr ©biuret manually (O'Brien 
et al., 1968c) or automated 


50 pl_ 


With manual method, a serum blank is desir- 
' able. ^ 


Albumin (serum) 


Electrophoresis on cellulose 
acetate (Fotaan et al., 1970) 


10 pi 

I 


Concentration of albumin less than 2.9 g/100 pi 
suggests poor protein nutritional status. 


Ascoroic aciQ 
*'( plasma) 


• 2/6 Dichlorolndophenol reaction, 
manually (O'Brien et al., 1968d) 
or automated (Garry et al. , 1974) 


20 pi 
50 pi 


Concentration less than 0.3 mg/100 ml suggests 
that recent dietary intake has been low. 


vitamin A . r 
(plasma "Or 
serum) 


Fluorometry (Garry et al., 1970; 

iWA 1 i i^uy J v. 1 111 ■ / 17/1/ 


200 pi 


Concentration less than pg/100 ml suggests 
deficiency and concentration less than 20 
Pg/100 ml indicates low stores. 


Alkaline phos- 
phatase (serum) 


, Liberation of p^nitrophenol 
manually (O'Brien et al., 1968e) 

or Ant* ran* t*r> H (MAm»nGfAfn a t- «1 

1965)/^ — ~ ' 


100 pi v 


Activity greater than 25 Bodansky units/lOO.ml 

is suggestive of rickets. 

1 

1 w * 


In&rganic phos- 

|/iiui i scrum 017 

plasma) 


Modification of method of Fiskc 
ana bucoa now us^oj manually 
(O'Brien et al., 1968f) or auto- 
mated 


50 pi 


Concentration less than 4.0 mg/100 ml is ab« 
hormal and suggestive of rickets. However, 
normal concentration does not rule out the 
presence of rickets. 


Urea nitrogen 
(3erum) 


Urease manually (O'Brien et al., 
1968g) or diacetyl monoxime 
manuallyor automated^ (Marsch - 
et al.j 1965* 


100 pi 
59 pi 


Concentration less than 8 mg/100 ml suggests 
low recent dietary intake of protein. However, 
concentrations as low-as 3.5 mg/100 ml are 
sometimes found in breastfed infants. 


Cholesterol 
(serum) 


Manually by method of Carr and 
Drekter (1956) or automated 
(Levine and Zak, 1964)" 


100 pi 


Concentration of cholesterol more than 230 
mg/100 nl\indicates hypercholesterolemia 
(See Part XI, Chap. 2) . 


Lipoproteins 
(serum) 


f , 

Agarose electrophoresis (Labor- 

AtOrv Mot'hrv^R p. j a ... l fkA. i Q1A \ 
O^wi/ nculDua UxSnUbtcCf Xj/HJ 

5-w \ 

Alkaline picrate manually 
(O'Brien et al., 1968h) or 
automated 


100 pi 


For interpretation, see Fredrickscn and Levy 
(1972) . * | 


Creatinine 
<(urine) 


100 pi 


Serves as reference for other urine determin- 
ations. ] 

' ' ! 


Riboflavin 
(urine) 


Fluorometry (Horwit2, 1970a) 


2 al 


Excretion .less than 250 ug/g of creatinine sug- 
gests low recent dietary intake. 


thiamin (urine) 


Thiochrome fluorometry (Horwit2. 
1970b) 


10 ml 


Excretion of less than 125 ug/g of creatinine 
suggests that dietary intake has been low for 
weeks or months. 


Iodine (urine) 


Automated eerie ionarsenious acid 
system (Carry et al., 1973) 


5 ml 


Excretion of less than 50 pg/gm of creatinine 
suggests low recent dietary intake. 



substrate, a component of the enzyme's active site, or an electron acceptor 
from the substrate. * 

4 

I 

In addition to the above forms, and ' functions of iron, several locations act 
.primarily as storage sites and as mechanisms for iron transport. Iron is 
, stored in the bone marrow and in the reticuloendothelial system within the 
cells as either hemosiderin or ferritin. .Some ferritin is also kept in. 
equilibrium with' iron circulating in serum. In abnormal states,, too much 
iron, -usually in the form of hemosiderin, can be stored in organs such as. 
liver and the lungs. Iron is transported in the body by a protein called 
transferrin. Normally,, about one-third of the available transferrin "is 
saturated with iron. f ~"*' 

Ah insufficient intake of iron can ultimately result in a reduction of .iron 
in jail of the body's iron-utilizing components described above. Because of 
iron's critical roie in oxygen transport, impairment of the body's ability to 
manufacture hemdglobin as the result of a lack of iron could have marked 
effects on respiration and energy metabolism. Extreme states of deficiency 
can result in convulsions or cardiac arrest. * The body, however, has the 
ability to make a number of hemostatic adjustments in the face of -declining 
iron stores which permit the continuous delivery of oxygen to the . tissues 
despijte- a large reduction in hemoglobin mass and number of red blood cells 
(Leibei, 1977). 

Until recently, it was believed that the iron-containing enzymes were 
impervious to iron deficiency .(Woodruff, 1977). It is now known, however, 
tha^ these enzyme systems can be diminished and possibly exhausted in the 
early' stages of iron deficiency, well before the effects on hemoglobin and 
red blood cells appear (Lfeibel, 1977; Woodruff, 1977). The consequences of 
these deficiencies, with and without accompanying decreases in hemoglobin or 
red- blood-cell volume, have been reviewed by Leibei (1977). According to 
several reports, symptoms such as irritability, fatigue, weakness and 
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dysphoria are produced by iron deficiency and can be rapidly improved 
following iron therapy. 



Other investigations have attempted to correlate iron deficiency with 
learning "disorders^ t Howell (1971), for example, described decreased 
attentiveness, narrow attention span and^erceptual restrictions in three- to 
five-year-old children with reduced hemoglobin values, Sulzer et al. (1973) 
found that a group of Head Start children with low hemoglobin values had 
lower scores on intelligence and vocabulary tests than children with normal 
hemoglobin values. Webb arid Oski (1973) studied 12- to 14-year-old junior 
high .school students from a predominantly' black, r economically-deprived 
coiununity. and foua^ associations between hemoglobin levels " and the 
vocabulary, reading, arithmetic and problem solving components of the Iowa 
Test of Basic Skills. 

Ueibel (1977) points out that the findings of these studies are unlikely to 
be due to a reduction in hemoglobin, per se , because similar impairments are 
ho^_Q}^rved in o.ther conditions (such as sickle-cell anemia and thalassemia) 
where hemoglobin ;mass is also reduced. Leibel suggests that the symptoms are 
the results of effects on the central nervous system caused by the reduction 
of the iron-containing enzymes. His assertion is backed by a number of 
studies which show^ that laboratory animals with only mild iron deficits 
exhibit behaviorail abnormalities similar to those described in the studies of 
children. The abnormalities can be corrected in these animals within a few 
days after iron therapy (Glaver 4 Jacobs, 1972). These studies highlight the 
importance of measuring the status of iron nutriture in the school-age 
population. They also emphasize the poiat" made by a number of authors that 
measures of hemoglobin or red cell mass alone do not provide a complete 
picture of iron status (Sauberlich et al., 197*J; Christakis, 1973; Fomon, 

1977; Owen & Lippman, 1977). / 

t 
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Measurements of Iron Deficiency 

Measurements of iron deficiency can be performed by determining the 
concentration of hemoglobin in red blood cells or the packed red cell volume 
'(hematocrit), meain corpuscular volume (MCV)* tranferrin saturation, serum 
iron, free, erythrocyte protoporphrjin and serum ferritin.. All of these 
measures are performed cn samples of blood. It is klso possible to assess 
iron stores by aspiration of - bone marrow, but this invasive method cannot be 
used in surveys. 

gemoglobin. Hemoglobin concentrations in blood samples are measured in grams 
, per deciliter (g/dl). The concentration is measured by. a device called a 
(Spectrophotometer after the blood sample has been diluted in a solution that 
cbnverts hemoglobin to Vyanomethemoglobin (Cartwright," 1-968). A simpler 
procedure is to measure the " amounts visually, but the results of this method 
are less reproducible .(Dallman efc al., 1980) . . : : ■ 

Hemoglobin levels can be affected by other conditions besides iron 
deficiency. For example, hemoglobin will be reduced in megaloblastic anemia 
caused by folic acid' or vitamin B 12 deficiencies (Sauberlich* f974)'. Chrom- 
ic infection and acute blood loss can also result in decreased hemoglobin 
levels.; Hemoglobin* levels will also drop in sickle-cell anemia and in" 
thalassemia minor—a condition that jis ^common among blacks and people from 
the Mediterranean and Southeast Asia. In children, however, iron deficiency 
is usually -the"~oause of low hemoglobin levels (Woodruff, 1977). 

* 

Values of hemoglobin that fall. below 11 g/dl for children under ten years, 12 
g/dl for children aged 10 to 14, and 13 g/dl for males over 14 are considered 
evidence of anemia (Fomon, 1977). Percentile ^curves for hemoglobin in 
infancy and childhood have been published by Dallman and Siimes (1979). 
These curves were derived from several populations of white children living 

* 
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near sea level. In all but one group, subjects were excluded if additional 
^laboratory data gave presumptive evidence of iron deficiency. - 

• ! 

According to Cook and Finch (1979), hemoglobin alone is unsuitable as a 
screening method for detecting iron .deficiency. The level of circulating 
hemoglobin shows wide variations in normal subjects.^ Data from^Dallman and 
Slimes (1979) indicate that hemoglobin concentrations in childhood increase 

f , I 

-approximately .5 g/dl from one ' age range to the next. In the^ health 
screening or infants and children,^) an error ,6f .5 g/dl can result in 10 
percent of normal j individuals . being incorrectly categorized as anemic. 

There is growing evidence that the standards currently used to evaluate 
hemoglobin may not be applicable to all population groups; All three of the 
national ..surveys of nutritional status .(Ten State Nutrition Survey , :Prescho6l 
Nutrition "Survey, and HANES). have discovered .that black people of all ages 
have ^hemoglobin values that average .5 ~to 1*0 £/dl lower than, white- 
individuals, even when' the subjects are matched for income (Gam & Clark, 
'1976). , Local studies have shown similar results.- In ^ study of over 4,000 
children in Bogalusa, Louisiana, the mean difference in hemoglobin between 
blacks \rid whites was" -.64 .g/dl (Frerichs- et'al., 19770* Dallman et al. 
(1978) studied data from multiphasic exams given to 1,718 white, 741 black 

and 315 Orierrtal children in California.. All were, healthy and non-indigent. 

, \ ' ' " I 

The median hemoglobin for blacks was .5 g/dl lower than the median for both 

white and Oriental children". This difference persis~ted after" excluding 

children with abnormal hemoglobins and hematocrits of 5 percent or more below 

.the normal mean for age. Dallman et al. (1980) . maintain that failure jbo 

adjust hemoglobin standards downward by about .5 g/dl for blacks could result 

in falsely identifying abbut 10' percent of the normal .black population as 

anemic. - " t ~ 
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-Hematocrit. The hematocrit is a measure of the volume of packed red blood 
cells, if iron is insufficient to produce hemoglobin- -for red cell- synthesis, 
the volume of "packed red cells in a given quantity of blood will be reduced. 

^ The hematocrit is determined by "spinning the blood sample in a centrifuge for 
• -about. one minute (Cartwright, 1968). The centrifugal force packs the- red 
-cells at the bottom of the test tube. The hematocrit , is .calculated by 
measuring the height of the column of red blood cells as a percentage of the 
height of the entire column of red, blood cells and plasma (Dallman, 1980). 
Values below 31 percent for children under 10 years, 37 percent for children 
10 to: 'Hi years, 41 percent for males over lA years ,, andi 37 percent for 
females over 1i»- years are considered diagnostic of anemia (Fomon, 1977). s 

According to Dallman ' et al. (1980), there is uncertainty whether the 
hematocrit is a s^ si^e_j^dicator__of iron deficiency Data! from .the Center 
-for Disease Control (1977 )' indicate that almost - three times more one to two 
- year olds have low hemoglobins' than, would be predicted on the basis of 
hematocrits alone. The potential for under-reporting anemia from hematocrit 
levels makes it desirable to use this measure only in combination with other, 
more reliable tests. ' * 

Mean .Corpuscular Volume (MCV) . Mean corpuscular volume is a measure of the 
•total volume of red cells in the body. As with the hematocrit, the 
insufficiency of iron to produce, red cells will "cause the MCV to be reduced." " 

For-merlty, the measurement of MCV was time-consuming and unreliable because it 
v£s; derived from the ratio of the . hematocrit to' the number of red cells, 
Which was obtained by visual counts through 1 a microscope (Dallman et al., 
1980) . The availability of electronic counters has made the" procedure more 
accurate. References values -for MCV for infants and children have been 
published by Dallman and Siimes (1978),. the data are drawn from "the, same 
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population as was used to derive the hemoglobin curves. The percentile 
curves illustrate slight differences in values between boys and girls. 
Although low MCV is most commonly associated with, iron deficiency, it can 
"also result from thalassemia minor. Since hemoglobin is also reduced by this 
condition, the two tests in combination will not necessarily rule out the 
possibility of confusion. | 

While^MCV has been used to measure the extent of anemia in clinical studies, 
it- is .not usually performed, in large surveys. Neither .the Ten State Survey 
or-HANES assessed MCV. The method is limited by the availability of the 
electronic counter or the expense incurred if it must be purchased for the 
: survey. 

» * « 

Serum Iron and Transferrin Saturation . Hemoglobin, hematocrit and MCV do not 
give indications of iron reserves. Traditionally, tests of. serum iron or 
.transferrin saturation have been recommended as a way of supplementing the 
information obtained from , hemoglobins and hematocrits (Fomon, 1977; 
Christakis, 1973) • The amounts of serum^ iron and transferrin, in blood 
samples are both measured by a spectrophotometer; The use of automated 
techniques yields highly reproducible results according to Giovaniello et al. 
(1968). , The tranferrin saturation is calculated by dividing the 
concentration * of serum iron by. the total amount of - transferrin and 
multiplying by 100 to, express the facto.r.as a percentage (Dallman et al., 
1980).. A serum-iron of 50 g/dl~and transferrin saturation of 16 percent are 
used as cutoff points for diagnosis of iron deficiency in children 6 to 12 
years of age (Christakis, 1973K Dallman et al. (1980) point out that there 
are, large . variations in serum iron that result in many false-positive and 
falser-negative diagnoses when either serum iron or transferrin saturation are 
the only tests used to determine iron deficiency. For example, Swartz and 
Baehner (1968) discovered diurnal variation in serum irq^ after three years 
of age. Values are usually higher in the morning than at night. Transferrin 
saturation can also be affected by inflammatory diseases (Cartwright 4 Lee, 
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1968)., and is reduced in protein-calorie malnutrition (Sauberlich, et al., 
1971). 



Free Erythrocyte Protoporphrin (FEP), . Protoporphrin is a compound that is 
used to form the heme, portion of the hemoglobin molecule. If iron is. 
deficient, lesb hemoglobin will be formed. Therefore, the amount of free 
erythrocyte protoporphrin that is not used 1 - to form hemoglobin will increase.. 

.FEP is measured using a fluqrometer or . another instrument specifically 
designed to assess direct^ the amount of FEP in a sample, of blood (Bliimber* 
et alu ,.1977). The instrument is being used more frequently in health 
clinics because, in addition s to iron deficiency , FEP can be used to screen 
children :f or lead' poisoning ► 



problem earlier than any ot 



Thus, a serum ferritin test ' can detect the 
er test. 
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According to Cook- et al^V(1976), FEP will identify approximately twice as 
many iron-deficient *sub\jects as can be identified by hemoglobin 
deUrainatiohs. :However, FEP is not ,a good measure of iron stores, since it. 
will remain normal until almost all of the body f s* iron stores are depleted. 

Serum^ Ferritin . The measurement . of serum ferritin has recently gained 
prominence as the, preferred technique for determining i r0 n stores. According 
to. Woodruff (1977), serum ferritin >"has proved to be a most precise method 
for estimating, iron stores [and may prove to be a definitive measurement, of 
~bT.5chemica;$ r Iron deficiency-. w Koerper"~and Dallman ( 1977) explain that the 
first phase of iron deficiency occurs when ferritin stores are reduced, 
resulting in decreased amounts of serum .ferritin. The second phase occurs 
when serum iron arid iron-binding capacity are reduced. There 4 may be little 
overlap between the first cjid second phLses; Koe^per and Dallman (1977) found 
that most children with low sertim ferritin had normal levels of serum iron J 
and transferrin saturation. 



Serum ferritin is measured by a technique called radioimmunoassay (Addison et 
a*., ' \$hXm\e& . et al M 19?A>^ Thi3techni que 'uses radioactive materials 
tfiat /are" ©ensured in a gaiuma radiation counter. 

Serum., ferritin concentrations, vary with sex arid: show developmental changes 
with^ ; age; however, -levels belli 10 „o? <2 micrograms per liter indicate 
depletion jit ivpp reserves at all ages tfDallman et al., 19§a) . Lipschitz. et 
al f . (197*0 warn that serum ferritin is affected by inflammatory diseases. 
When such a condition coexists, with ii^on deficiency, the two effects may 
counterbalance one another £o that aferum ferritin may be in the normal range. 



Sel ection of Measures 

".tts — ; 7-r — ?' r 

Dallman et al. (1980) have discussed the selection of laboratory tests to 
determine the prevalence of iron deficiency in population surveys. They 
suggest that hemoglobin and MCV constitute an exceilent combination when 
centralized laboratory facilities are available to Handle large numbers of 
samples with instruments that can be used for both /assays. Serum ferritin, 
as a third test, adds the advantage of being able to measure irq^^eserves. 
Alternatives to serum ferritin are transferrin saturation and 
free-erythrocyte protoporphryn (FEP) . 

Cook et al. (1976) suggest that the best parameter to use depends on the 
basal ii?on status of the population. In populations Jfhere _?-r°G u d?J£iM§™!X_is 
highly prevalent, the critical measure is hemoglobin, although other tests 
may also be needed to establish th aA , t he anemia is due to iron deficiency. 
When the population is ^relatively replete with iron, serum ferritin will, 
monitor the largest segment of the population and is, therefore, the most 
useful measure. In both populations, transferrin saturation and FEP enhance 
the estimates at the intermediate levels of iron deficiency. Cook efc| al. 
believe that there is a strong argument for including all four measures of 
iron status in population surveys. 
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-Securing, enough blood for all four tfcsts would require venipuncture. If a 
fingerstick is the only [practical alternative, the assessment will probably 
be limited to a single test. Given the general iron status in the school-age 
population in the United Sta.tes, the parameter most sensitive to nutrition 
program impacts would be iron stores. Serum ferritin is the method of 
choice, 'but the cost and availability of the assay methods, could limit its 
feasibility in a, large-scale field study/ - 

Of the measures commonly used^to diagnose the second stage of iron 
deficiency, transferrin saturation is the preferred method. The procedure 
requires venoiis 'blood, however, and problems in interpreting results make . it 
undesirable to use tranferrin saturation alone, , • ,# " 

W 

* " t 

Hemoglobin and/or hematocrits* are well standardized tests that can be run 
from fingerstick blood, A diagnosis- based on,, hemoglobin alone is likely to 
yield a higli number of false-posiBivje, and. false-negative findings, .yEven in 
conjunction with hematocrits, other causes of reduced hemoglobin, such as 
sickle-cell j anemia and thalassemia minor, cannot be~ ruled out. Previous 
studies of school nutrition program impacts have failed to show significant^ 
differences in hemoglobin or hematocrit values ^between participants and 
rionparticipants, even when the investigation, has focused ,on high-risk groups 
•(Price et al,, 1975; f*age, 1972; Lieberman et al,, 1976), 

^iscffssion " ~" " , * 

Prior ^studies of school nutrition programs and studies of nutrition problems 

of * school-age children suggest that the assessment of , iron status deserves 

J * I 

primary consideration in the evaluation of potential program impacts. 

Iron can be evaluated by several different measures, each of which reflects a 
different stage of iron deficiency, j Some investigators (e,g,, Cook et al,, 
1976) believe thait all of the measures should be used in population surveys; 

' ' / 



/ 

/ 



r 

207 



.however, due to the cost and availability of 'equipment, this may not be 
pCs»dible. If a limited number of measures, can b'e taken, selection should be 
based on the iron status of the population. 

m Given this guideline, the most sensitive measure for school-age children in 
^the United States would be serum ferritin. This measure provides the best 
indication of iron stores (Woodruff, 1977; Koerper & Dallman, 1977), but the 
assessment requires specialized and expensive equipment/ /(Dallman ,et al., 
1980). / / ' 

> I 

Hemoglobin and hematocrit measures are frequently performed in child 
nutrition surveys. These are well standardized; tests, but they have several 
limitations. Both measures may be reduced from' .conditions other than iron 
deficiency (Dallman et al., 1980). Current standards used to judge iron 
deficiency do not account . for the fact that hemoglobin levels of black 
persons are approximately .5 g/dl lower than, hemoglobin levels of white 
persons (Gam & Clark, 1976; Frerichs et al.,, 1 1977; Dallman et al., 1978); 
the hematocrit tends to under- report the extent of anemia t |in the population, 
(Center for Disease Control, 1977). Consequently, some investigators ^believe 
"that these two measures alone do not give adequate evidence of iron status 
(Cbbic t Finch , 1979; Dallman et al., 1980). 

• / 

ASSESSMENT » OF . OTHER NUTRIENTS * 

In addition to iron, various other nutrients may be of interest in the 
evaluation of the nutritional impacts of school nutrition programs, depending 
oh the" population being-studied. The studies reviewed* in Chapter Hi suggest 
that deficiencies of protein, vitamin A,, ascorbic acid, thiamin, riboflavin 
and trace minerals are not widespread among American children, but they may 
be of concern for certain subgroups. The functions of these nutrients and 
the* .consequences of deficiencies are discussed in Chapter III, A b£ief 

■ / ■ 
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summary of methods for evaluating their status in school-age children is 
given below. . 

Protein ? 

Protein status is ' usually measured in surveys by t^^amourit of albumin or 

total protein in blood serum; Standards for children are available from 
;HANES and the Ten State Nutrition Survey. / / 

• • / / / * ' " 

According to Sandstead and Pearson (1976), serum alt/umin and total protein 
are relatively insensitive measures of protein status for both individuals 
.and population groups. Both measures are affected by a number. of conditions 
.that are unrelated to nutrition. In the absence of these conditions, serum 
protein- levels will be maintained for a long period of time despite low 
protein intake. / 

Protein status can also be evaluated from hair samples ( Nutrition Reviews , 
1971). Early studies examining y the appearance of hair' from . children 
suffering from protein-calorie malnutrition have ' shown that hair growth 
ceases almost completely andf the diameter of the hair root J)ulb is reduced. 
These -findings are related more to the duration of malnutrition than to the 
severity of the protein deficit. More ^recent studies have, attempted to 
•measure the actual amount of protein in the hair root/by chemical analysis. 
These^ studies have shown that evaluation of hair root protein can be reduced 
in subjects suspected of having malnutrition even when serum albumin levels 
are normal. These findings suggest that,, evaluation of hair root protein may 
prove useful in ,the detection of borderline undernutrition in affluent 
societies, such as the United States, where protein deficiency is hot 
generally considered a problem ( Nutrition Reviews , 1971). Nevertheless, hair 
root protein has 'not been assessed to date in any of the large-scale 
nutrition surveys. / * 
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There are also tests of protein nutriture using urine samples. These include 
the urinary creatinine-height index, the urinary hydroxyproline index and the 
urinary creatinine-urea ratio; The principles of these tests have been 
described by Sauberlich et ai.' 097*0. Although they have been used in 
"clinical stucSes and in field studies in developing countries, they have not, 
been used in large-scale surveys in the United States. 

Vitamin A 

Pearson (1962) states that for practical purposes there are only two 
biochemical tests of vitamin A status for population studies. These are 
. serum vitamin A and carotene determinations. Carotene is a yellow-orange 
, water-soluble pigment that can be .converted to vitamin A in the body. Both 

serum vitamin^ A and ^carotene determinations were made in the Ten State 

V > 
Nutrition Survey and HANES . * 

Serum vitainin A values are, not affected by shcrt-term dietary intake. They 
represent more l-ong-tera.,s_tatus ^axid/^are affected only when vitamin A stores 
are reduced. Since the* liver appears to have a remarkable capacity to ^tore 
vitamin A, persons may have low intakes of vitamin A for quite some time 
before serum levels are reduced,. Serum vitamin A is also affected by protein 
deficiency and a number of non-dietary factors (Pearson, 1962). 

The standards used to evaluate serum vitamin A assume that there are no 
^.fferences by sex or age of subjects; however, findings of HANES showed a 
steady increase in serum vitamin A values with age. This suggests that 
different standards may be needed for children and adults. 

Serum carotene is a measure of recent dietary intake. Levels will fluctuate 
daily, depending on amounts of carotene consumed in the diet. As was shown 
in the previous section , vitamin A intake , which is largely derived from 
carotene in the United States, is subject to large intraindividual 
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variations. Serum carotene will reflect these variations, making it - 
difficult to obtain a reliable measure. 



Because serum carotene fluctuates with recent intake it is not as good a 
measure of vitamin A stores as serum vitamin A. A person could have little 
carotene in the serum, and yet have adequate vitamin A stores. When carotene* 
is present, it is not possible to distinguish between J>eta-carotene, the most 
biologically" active form, and other carotene compounds; serum caroteniK 
values, therefore, tend to overestimate the amount of beta-carotene that is 
available (Sauberlich et al., 1974). 

Ascorbic Acid (Vitamin C ) ' 

Ascorbic acid in field surveys is usually assessed by plasma ' 01 serum 
concentrates. Within a limited range, serum (or plasma) levels of ascorbic 
■ :acid have a linear relationship with dietary intake. When dietary intake is 
inadequate, serum levels of vitamin C decrease rapidly. , Higher serum levels 
I of ascorbic" acid occur temporarily following ingestion of a large dose; 
"however, since the vitamin is water-soiuble, excessively high 'intakes will be 
excreted in the: urine after a plateau is reached in the serum level 
/ (Sauberlich et al., 1974). 

Large amounts of ascorbic acid are not stored in the body, but the tissues do 
contain-: some reserves. The serum level of ascorbic acid is not a good 
indicator of these reserves. Pearson (1962) reports that when serum levels 
are- at zero, tissue stores could be anywhere from zero to 50 percent. The 
amount of ascorbic acid in white blood cells is a better indication of tissue 
reserves, but the measurement is technically difficult and not feasible in 
field surveys (Pearson,; 1962; Sauberlich et al., 1974). 



Ascorbic acid can also be measured by urinary excretion. Pearson (1962) 
claims • that this measure provides no more information than serum or plasma 
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levels and is, moreover, complicated by problems of collecting 'urine 
samples. However, since urinary excretion and plasma levels of an individual 
should correspond, the two tests can serve as reliability checks for one 
another. 

The standards for serum (or plasma) ascorbic acid used in the Ten State 
Nutrition Survey and HANES are not differentiated by age or sex. 

Thiamin and Riboflavin 

Both thiamin and riboflavin are water-soluble B vitamins. They are usually 
assessed by urinary excretion in large-scale field surveys (Christakis, 1973). 
Thfe amounts excreted in urine are ^correlated with r t ecent dietary intake but 
are- also affected by other factors. For example, riboflavin excretion is 
influenced by fasting, sleep and exercise (Sauberich et al., 1974). 

f- 

•; 

Amounts of thiamin and riboflavin in the urine are measured either 

fluorometric or microbiological methods. The fiuorometric method measures 
amounts of the vitamin present according to the fluorescence given off by the 
chemical compounds. The microbiological method measures the amounts of the 
vitamin present according to the growth of micro-organisms supported by a 
medium containing the sample. Apcordling to Sauberlich et al. (197*0, both 
methods are well staftdardized and yield reliable results. However, there are 
certain limitations when the methods are used with children In surveys. 

Because it is usually impossible to collect 2*J-hour urine samples in surveys, 
the, amount of thiamin and riboflavin in^ random sample taken during the day 
may not accurately reflect the total 2H4hour excretion. To stabilize the 
measurement, the amounts of thiamin and Riboflavin excreted in the random 
sample are usually expressed in relation to' the amount of creatinine that is 
excreted simultaneously. Creatinine is derived from protein. Its excretion 
is assumed to be fairly constant throughout the day because it is related to 
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. total body size. Relating thiamin and^ riboflavin to creatinine excretion 
permits extrapolations' from a random sample to a 24-hour specimen. Studies 
by Pearson (1962) have "shown that children normally have higher ratios of 
urinary thiamin 4 to creatinine than adults, so that adult standards -are 
inappropriate for children. There is Very limited information on normal 
urinajry excretion levels of thiamin in children (Sauberlich et al.J 1974). 
Pearson has developed the standards that are commonly used, but according to 

.Sauberl'ich et al. (1974), these values are ^estimates based on a .sliding scale 
for age and may need .to be revised as more data from surveys, became available. 

f ' < 

The standards for % interpreting urinary riboflavin in children are also based 
on limited -data for normal excretion in children. Data from the Ten State 
Nutrition Survey appear to validate the standards established by Pearson, but 
' the comparisons were made only for white populations in high-income-ratio 
states (Saub ( erlich et al., 1974). There is little information about the 
applicability of these. standards to non-whites. 

^Recent investigations have also led researchers to question whether the 
^excretion ' of creatinine is as constant throughout the day as is usually, 
assumed. This in turn has raised questions about whether relating thiamin 
and riboflavin excretion to 'creatinine excretion permits a valid 
extrapolation for a 24-houj' period. Sauberlich -et al. (1974) state that the 
method still permits valid estimates for population groups" but does not 
permit valid estimates for individuals. These authors recommend that 24-hour 
urine samples be collected when evaluating individuals and that the findings 
from urinary excretion ^e confirmed by other tests of thiamin and riboflavin 
status. 

' The. two tests recommended are the transketolase test for thiamin ' and the 
glutathione reductase test for riboflavin. Transketolase and glutathione 
reductase are enzymes involved with energy . production in the body which are 
dependent on thiamin and riboflavin respectively. When the vitamins are 
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deficient, the activity of these enzymes is reduced* Because these tests 
measure functional activity and not simply the amounts of thiamin and 
riboflavin present, they are more sensitive indicators of nutritional status 
than urinary excretion. However, both tests require blood samples. To date, 
.the tests have not been performed in large-scale surveys due to the cost of 
the analytical procedures and the feasibility of processing large 'numbers of 
samples % 

Trace, Minerals * ' 

A namber of minerals, known to be required in very small quantities to 
maintain health, have received increasing attention in child nutrition 
surveys in recent year3. Of these so-called "trace" minerals, copper and 
zinc have been studied to the greatest extent. There are indications (see 
Chapter III) that these nutrients may be inadequate in some subgroups of the 
U.S. population. These findings are from local surveys. Copper and zinc 
status have not been evaluated in a nationally representative sample of U.S. 
children. 

*A number of methods can be used to evaluate copper and zinc status. Serum 
levels are considered the most valid indicators, but "normal" levels in the 
various blood components are not well established (Sauberlich et al.,' 197*0. 

Newer methods; being explored for the assessment of copper and zinc use 
samples of hair and saliva. These have the advantage over blood samples, of 
being non-invasive and easier to collect in field surveys. 

The levels of copper and zinc in hair are believed to reflect long-term 
nutritional status rather than short-term dietary intake. However, Hambidge 
(1976) has poihted out that the concentration of zinc in hair depends upon 
the rate of hair growth ;as well as the delivery of zinc to the root. ' The 
hair-zinc concentrations of two groups can only be compared when it is known 
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that the mean rate of hair grpwth is comparable in both, Solomons ( 1979) 
adds that since zinc deficiency itself may impair hair growth, hair zinc may 

not be an accurate ^estimate of nutritional status, 

» 

It has been demonstrated by Hambidge (1973) that the concentration of copper 
~ln the hair shaft increases progressively with distance from the scalp. This 
suggests that* exposure to environmental copper is a ^contaminating -factor.* 
Klevay (19^4) has also questioned ^the use^of hair samples as a reliable index 
of copper status in humans. McBear et al. (1971) have questioned the 
.reliability of hair as an indicator of body zinc stores in prepubescent 
children, J 




clinical significance of low levels of. zinc and copper in hair is 
unknown. According to Sandstead (1976), , clinical signs appear only with 
extneme zinc deficiency, which will rarely, be found for school-age children 
in the United States. In' the study by Greger et al., poor correlations were, 
^obtained between hair values and the dietary intake. Although -dietary intake 4 
averaged between 60 and 75 percent of the RDA for zinc, only 2 percent of the 
children had low zinc values £n their hair, samples- The prevalence of low 
values for copper was 3 percent. 

According to Sauberlich et al. (1.974), hair analysis as an index of 
nutritional status is still in the exploratory stags. Normal values for 
particular nutrients are not well defined, nor are there established 
standards- for children. 

Use of saliva to assess the zinc status of human subjects has been 
recommended by Henkin et al. (1975). Greger and Sickles (1979) have ' 
evaluated changes in salivary zinc in relation to moderate changes in dietary 
zinc levels and have tested the usefulness of salivary zinc analysis in 
survey conditions with adolescent females^ They_ found that the collection of 
saliva is a quick and relatively simple procedure in the field, but adequate 

t 
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precautions must be -taken to prevent contamination of the samples, ~ The 
results of the study showeB,that zinc in the saliva was sensitive to small 
dietary Granges even though there were no significant correlations between 
r any of the zinc parameters and. hair zinc levels. The investigators concluded 
that salivary zinc has potential as a useful indicator of zinc 'status,, but 
that a* variety of studies, are; neededj before salivary zinc levels can be used 
• in surveys. 

% { 

i 

Disc ussion 

• ' 

Biochemical tests for the assessment of protein, vitamin A, ascorbic acid, 
thiamin, riboflavin and trace minerals such as copper and zinc- were reviewed, 
in this* section. Several different tests are available for each of these 
nutrients, but serum or urinary excretion , levels are assessed most commonly 
in field surveys. ! Serum albumin or total protein and serum vitamin A measure 
long-term nutritional- status. -^Serum ascorbic acid reflects more recent 
^intake. Urinary thiamin and riboflavin are also correlated with recent 
t 7\~ } intake. ' ' . 

Protein and the status of . copper and zinc can also be assessed from hair 
sampled. Hair root protein is potentially a good indicator because it shows 
evidence of protein deficiency before serum levels ,are reduced ( Nutrition 
Reviews , 1971), but it has not been used in large U.S. surveys. Use of hair 
, and saliva for the assessment of trace" minerals is still largely experimental 
(Sauberlich et al., 197*0- No standards are currently available * for 

interpreting 'results in children. 

* 

» " ASSESSMENTS ASSOCIATED WITH EXCESSIVE INTAKES OF DIETARY CONSTITUENTS 
v Fat and ! Cholesterol \ 

High levels of fat and cholesterol in the diet have been associated with a 
high incidence-of cardiovascular diseas_e in_a._number of population studies. 
These studies have been conducted mainly on adults. One of the identified 
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risk _ factors for cardiovascular disease is ,a high level of serum 
cholesterol. Si|ce pathogenic studies suggest that cardiovascular disease 
begins in childhood, some authorities are of the opinion that dietary 
intervention to , control serum . -cholesterol should begin at an, early age 
(Fomon, 1977). Measurement of cholesterol and other serum lipids in children 
is a clinical screening and diagnostic .procedure for cardiovascular risk, but 
is- hot a measure of nutritional sta'tus cer se. Presently, direct 
relationships between dietary intake of fat and' cholesterol and their levels 
in the blood have not been established. Several studies currently in 
progress are attempting to clarify these' relationships in children (Berenson, 
1980). . 

Cholesterol levels greater than 230 milligrams per 100 milliliters are 
usually considered evidence of hypercholesterolemia (high blood cholesterol) 
in children (Fomon, 1977). When- children with high serum cholesterol levels 
are identified., triglyceride and lipoprotein profiles should be obtained from 
^the children and their families. These profiles detect abnormal levels of 
the- various compounds ■ 'that transport fat ' and cholesterol in the body . 
Abnormal levels in children are usually of genetic origin. These children 
require treatment with a special dietary regimen. * 

. »- * 
The measurement of total serum cholesterol is a fairly well .standardized 
procedure (Fomon, 1977), but continued research is needed on ways to estimate 
-serum triglycerides and lipoproteins in children'. According to Berenson 
(1980), these blood .constituents are more sensitive indicators of lipid 
abnormalities than total serum cholesterol; however, methods to evaluate them 
are available only in specialized laboratories. 

Sugar i ' 

Excessive consumption of sugar in children is' -of concern:! because of the 
possible role it plays' in the etiology of obesity, diabetes and dental 
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s caries* There is no biochemical method that measures sugar as a parameter of 
nutritional status* Sugar, as glucose, is the primary source of energy for 
the body's cells* Body metabolism, through the mediation of hormones, is 
directed 1 toward providing a constant, slipply of glucose to the cells in the 
face of . fluctuating intakes ,of dietary carbohydrates* Blood glucose levels, 
therefore, reflect immediate dietary intake and- adequacy of hormone levels., 
A high level of sugar in the blood is diagnostic of disorders of carbohydrate 
metabolism, and cannot be used as an indication of excessive carbohydrate 

intake in normal individuals* Similarly, the -presence of sugar (glucose) in 

f 

the urine -indicates abnormal metabolism, not .dietary or nutritional status*. 
These tests, therefore,, should be used only as; screening tools to assess the 
prevalence of carbohydrate disorders in the population* 

Discussion- 

A comprehensive discussion of the relationship of dietary factors, such a3 
cholesterol^ fat arid sugar to the development of cardiovascular and other 
chronic diseases in | children is "beyond the scope of this review. 
Consequently, bictchemical methods to assess levels' of these constituents in 
the body have been only briefly described. Procedures for measuring serum 
cholesterol are well established, but methods to assess triglyceride levels 
and serum lipoproteins in children require further, research (Berenson, 
1986). There , is no available biochemical method to assess the effects of 
excessive sugar consumption. j 

COLLECTION OF BIOLOGICAL SAMPLES 

The selection of biochemical measures, the successful collection of samples 
in the field, and the accurate processing of data require investigators to 
consider practical aspects of survey design such as cooperation of subjects, 
field and laboratory procedures7~ and personnel and other costs. Although the 
specifics of each of these factors differ with each test, there are some 

general guidelines that apply to all of them. 

i 
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Cooperation of Subjects 

Although ttjere is very little literature assessing cooperation rates of 
subjects with biochemical field studies, it is the opinion of most, 
authorities that the potential for refusing- to participate is greater when 
biochemical data are collected .than when only dietary or anthropometric 
information .is obtained (Burke 4 P,ao, 1976). In studies of school nutrition 
program impacts, permission ' to collect samples I must be secured from the 
subjects themselves, their oarents and school authorities. Because of the 
legal implications involved, particularly with the collection of blood, 
permission may be difficult to obtain when' the study is expected to draw 
..subjects from a number of different school districts in' several different 
■states".. ' 



Urine- Samples . The tests using urine ^/samples are based on correlations 
:• between 'the sufficiency of intake of the various nutrients and their 
concentrations in the urine. Because the concentrations vary throughout the 
day due to the different volumes of urine people excrete, the most valid 
estimate is obtained when subjects collect samp.'es. over the entire 24-hbur 
period. This \degree of cooperation cannot be expected in surveys' involving 
large numbers of subjects. % 

I . 
Most surveys request subjects to provide a "casual" or random sample when 
they come to the examination center. Collection of these samples means that 
subjects must have access to lavatories. Embarrassment may still cause 
subjects to refuse to cooperate. In the study of school-level impacts of 
nutrition programs in Washington State, parents readily gave permission for 
investigators to collect urine samples from their children, but more children 
. themselves- refused to give urine samples than refused to give blood samples 
(Price et al., 1975). 
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Blood. Samples , The quantity of blood required for biochemical assessments 
depends upon the number of test3 to be performed. Table II-3 shows how much 
blood is required for each of the recommended procedures. 

Blood may be' drawn by ^fingerstick or by venipuncture. Only a small amount 
(.5 ml) of blood cajn be obtained from a fingerstick. When greater quantities 
of blood are required, the only alternative is venipuncture. 

* 

Most authorities believe / that vehipunture , is no more painful than a 

fingerstick (Dallman et al., 1980), but the procedure may ; be more threatening 

* r / 
* tpph'ildreri. In the, Washington State Survey, only 5 percent of the children 

refused to give bipod,, samples. However, it was not always possible to obtain 

the four vacutainers of blood called for by the .protocol (Price et al., 1975). 

Other '^Samples . Collection of other biological samples such as hair and 

saliva are generally not as painful as the collection of blood samples and 

are not embarrassing Jfor the subjects. There is no information in the 
literature indicating how well children cooperate with these procedures. 

Collection Procedures^ 

Guidelines for collecting biological samples and preserving them for analysis 
have been provided by Christakis (1973), Dallman et al* (1980), and others. 
In this section, emphasis is given to samples of urine and blood. Attention 
must be given to how these specimins are collected, preserved and transported 
in order to make sure the nutrients to be assessed are nffc destroyed. 

/ / 

Urine Samples . Urine samples are of ten. collected to assess ascorbic acid and 
B vitamins such as thiamin and riboflavin. These nutrients are easily 
degraded by heat, air and light. Urine samples must be acidified and kept 
away from direct light in order to protect these nutrients. If analysis is 

- /■ 
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not performed on site, it is recommended that urine samples be chilled during 
shipment to the laboratory (ICNND, 1963). 

-Bipod Samples. The^procedure for taking blood sapples from a fingerstick are 
■relatively simple (Dallman, 1980). The major problem to avoid is 
'contamination of the sample with tissue fluid.'. This can happen if the finger 
is. squeezed to encourage blood , flow. Blood from the fingersticjl can be 
collected directly into .heparinized containers that can be used with 
analytical equipment on? site or 'shipped to the laboratory. The heparin 
prevents the blood sample from clotting. 

* 

Blood drawn from veins can be obtained from the arms of children. Some tests 
(e.g.,. serum cholesterol) are more accurate when samples are obtained from 
fasting subjects. ^ 

When working with young children, til persons are usually required for the 
venipuncture~one person positions the child while the other draws the 
blood. Children may be less frightened "if they are encouraged not to look ajt 
the needle as it is inserted in the arm. It is sometimes difficult to find", a* 
vein in childrei; . T n the . Bogalusa Heart Study, only two attempts at 
venipuncture were allowed (Benenson, 1,980). 

• ' ' ■"• , ' / 

Depending on the; tests to be performed, blood samples may be either clotted 
,or treated with an aHflScoagulant. Clotted samples are usually centrifuged -on 
site -to separate the serum. 

Christakis (1973) recommends that as much as -possible of the sample 
preparation, including chilling and/or freezing, should.be done immediately 
at the collection site. The procedures to follow depend upon the tests that 
will be made> Therefore, it is imperative to review each analytic technique 
carefully prior to the survey to assure that the appropriate precautions are 

taken-.— - , 

/ 

/ 
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Most samples that cannot be analyzed on site need to be frozen for shipment 
to the laboratory. The usual procedure is to pack the samples in dry ice. 
The dr;y ice pack will keep samples frozen for 60 to 72 hours (Christakis, 

RELIABILITY OF LABORATORY TESTS 

Although intrairidividual variation occurs in biological - samples, greater 
sources of error result from the selection, maintenance .and use of ^laboratory 
equipment. . The Center for Disease Control (1979) has prepared a review of 
^selected hematological instruments used in nutritional assessments. The 
review states that there is a greater potential for measurement error when 
Instruments capable of doing more than one test are used for a specific 
test.. This is primarily true for instruments designed to perform hemoglobin 
determinations. Other equipment, such as spectrophotometers, can be used 
reliably for a variety of laboratory assessments. , 

Christakis (1973) says that a crucial need in labpratory nutritional 
assessment is a coordinated program to standardize the various tests. This 
is especially important when several different laboratories are engaged to, 
process the samples. f For the routine laboratory tests there are standards, 
calibrators, and plasma or serum controls available for' laboratories to use 
in checking the accuracy of their analytic procedures, but these do not exist t 
for all nutritional evaluation techniques. In the absence of such standards, 
Christakis recommends that analytical values obtained from the laboratory 
involved, with the survey be compared with values obtained from replicate* 
samples submitted to a standard referencing laboratory. 

COST OF/ BIO CHEMICAL MEASURES 

Personnel and equipment constitute the major costs in the biochemical 
. assessment of nutritional status. Collection of blood samples requires more 
highly skilled personnel than collection of Urine, saliva and hairy Dallman 
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et al. (1980) state that health workers with relatively little experience can 
be trained in the procedure for obtaining blood from a fingerstick. Taking 
blood by venipuncture, requires more experience and, in' some states, the 
technicians must be licenced. Persons licensed to draw blood include 
■ registered nurses and medical technologists. 

Training costs depend upon' the expertise of personnel. Even skilled 
professionals require some training to acquaint them with the study and to 
assure standardization of procedures. Less experienced personnel must also 
be trained in proper sampie collection techniques. 

The costs of the tests/ themselves vary from less than!, one dollar per subject 
for* a hematocrit determination j» several hundred dollars for tests requiring . 
use of highly technical analytical equipment. These costs depend upon the 
number of subjects in the study, the number of tests run, the number of 
duplicates required to check reliability, and whether new equipment must be 
purchased for the study. If a central .laboratory is used for analysis, 
packaging and shipment costs for/ the samples must /also be considered. 

CONCLUSIONS 

Biochemical analyses of blood, urine, hair ar.d saliva samples provide 
/ evidence of nutrient levels and activities in the body with varying degrees 
pf precision. Not <all measures are suited to large-scale field studies. Of 
those tests commonly performed in surveys, the assessment of iron status is 
performed most often. The assessment of protein, vitamin A, ascorbic acid, 
thiamin, riboflavin, and trace- minerals such as copper and zinc have also 
been of interest in recent child nutrition surveys and studies of school 
nutrition impacts. Although there is /much public interest, in measures such 
as serum cholesterol and other blood lipids, the relationships between these 
factors and dietary intake in children are unclear. Further research is 
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required to determine whether biochemical assessments of serum cholesterol 
and other lipids can provide indications of school nutrition program impacts. 

The measures available to assess iron status in children include hemoglobin, 

# 

hematocrit, mean corpuscular volume (MCV),^ serum iron and transferrin 
saturation, free-erythrocyte protoporphrin (FEP) and serum ferritin. Each of 
these tests' measures a different stage c* 'iron deficiency. Most authorities 
believe that more than 'one test is required^ assess the ? prevalence of iron 
deficiency in a population (Cook et al., 1976; Dal lman,^ 1980). However, this 
may not' be feasible, in , large-scale field surveys. If only one measure can be 
taken, serum ferritin should be the measure of choice. Serum ferritin is the 
best measure of /iron stores (Woodruff, 1977; Koerper & Dallman, 1977). 
Considering the prevalence and severity of iron deficiency in the U.S. 
population of school-age children, it is likely that iron stores would be the 
most sensitive indicator of school nutrition program impacts. A disadvantage 
of the serum ferritin measure is that it, requires expensive^ equipment for 
analysis of blood samples. The measure has not been <used in large-scale 
surveys. w 

Most field studies assess iron status using either hemoglobin or hematocrit 
determinations. , These measures are relatively inexpensive and well 
standardized. The disadvantages are that the measures are affected only in 
the later stages of iron deficiency and are influenced by other conditions. 
The hematocrit in particular is subject to producing false-negative results 
(Center for Disease Control, 1977). Hemoglobin is also limited by the fact 
"that current standards may not be applicable to black children' (Dallman et 
v al., 1980). J 

Protein, vitamin A, ascorbic acid, thiamin, riboflavin, and trace minerals 
are usually measured by serum or urinary excretion levels. Other samples,, 
such as hair and saliva, can be used, but the techniques and the 
interpretation of findings are not Well standardised (Sauberlich, 1 974 ) . 
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The biggest drawback of all biochemical methods is their inconvenience for 
the subjects and the strong possibility that permission to collect samp lis 
will not be obtained from the subjects, their parents or school authorities. 
Depending on the tests selected, personnel costs and cos\s of processing 
large numbers of samples can also be considerable. Studies considering tie 
use of biochemical methods to determine impacts of school nutritio'n ' prog ran s 
must balance these limitations against the likelihood of showing effectJ, 
based- on findings from previous research. - 

i 

C * What Cli nicail-Anthropom etric Measures Have Been Used to Assess Nutritional 
Status and What Are Their strengths and Limitations ? 

OVERVIEW 

Clinical-anthropometric methods are typically used to measure 'the more 
long-term, / cumulative effects of dietary intake in- relation "to nutritional 
requirements by examining various . indicators of physical health status., 
Anthropometry is a method of measuring the length, breadth, 'height, depth,' 
thickness or circumference of segments of the human body ( t Jamison & Zegura. 
197 1 *). These measurements are used to make estimates of body size and body 
composition that' indicate various states- of growth and development. Clinical 
signs are used to detect the occurrence of disease conditions caused by the 
inadequate intake, absorption or utilization of nutrients. 



Anthropometric measures provide indications of the overall sufficiency of 
energy and protein intake. They are less sensitive indicators of vitamin and 
mineral nutriture (Roa & .Singh, 1970). 

Deficiencies^ .specific vitamins can be detected by clinical signs and 
symptoms. Abnormalities of the skin, mouth, tongue and gums are seen in the 
"classical"' deficiency diseases of beriberi (thiamin), pellagra (niacin), and 
scurvy (ascorbic acid). Specific changes in the skin and eyes are also 
observed in vU^in A deficiency. In addition, certain vitamin deficiency 
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diseases, such* as beriberi, are accompanied by abnormalities in the 
cardiovascular, respiratory, muscular, and neurological systems. 

According to Sandstead (1979), the occurrence of vitamin deficiency diseases 
in the United States is usually associated with pathological social or 
medical conditions. Examples of social pathology include alcoholism, social 
isolation, food faddism, ignorance and neglect." Medical causes include 
Intestinal malabsorption and iatrogenic factors (i.e., factors related to 
treatment of disease). These conditions seidom, result in the deficiency of a 
single nutrient. Instead, they lead Jto mixed deficiency syndromes, withy 
symptoms that are often non-specific and difficult to distinguish fror 
Symptoms of disorders that are unrelated .to nutrition. 

Because anthropometric measures reflect various states of growth and 
development, they are especially relevant in studies of the impacts of school 
nutrition programs on the nutritional status of school-age children. In the 
following sections of this chapter^, anthropometric measures commonly used in 
surveys are described and' their strengths and weaknesses are discussed. 
Protocols for obtaining anthropometric data and aspects of measurement 
reliability, cooperation of subjects, feasibility and costs are also 
described. Finally, the presentation and analysis of anthropometric data are 
discussed . 

Clinical ' signs of vitamin deficiency diseases are extremely rare among 
school-age children in the United States. The evidence for this statement is 
presented in the review - of literature on nutritional status of school-age 
children (Chapter III). In view of the low prevalence of these deficiencies, 
clinical measures of nutritional status do not appear to be useful indicators 
of potential impacts of school nutrition programs. Consequently, methods of 
assessing clinical signs of nutrient deficiencies are not reviewed. 
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DESCRIPTIONS OF ANTHROPOMETRIC MEASURES 
Measurement of Body Size 

The two measures- most often use! to estimate body size are height and 
weight. The .length or width of body segments can also be measured. Common 
measures include knee height, sitting height, width of arms and legs, 
diameter of wrist, width of shoulders and hips. In action, various indices 
of body size that relate height and weight can be constructed; These include 
simple weight for height comparisons and ratios such as the body mass index 
(W/H2)^and the "ponderal" index. The relative merits of each of these 
measures as indicators of growth and nutritional status are discussed below. 

HeiRht and Related Measurements . Height and measures of the diameter, 
length,, and width of body parts are primarily indicatory of skeletal size 
(Tanner, 1976). Height is a cumulative indicator of botfWogical and 
environmental influences (Waterlow, 1971) and is considered a stable measure 
of nutritional status, since it is relatively insensitive to short-term 
dietary deficiencies (Jelliffe 4 Jelliffe, 1971). Low height^for-age 
Indicates "stunting" due to chronic malnutrition (Fomon, 1977) . 

Growth in height during childhood is indicated by the skeletal size the child 
has attained at any given age (i.e., distance) and the speed at which 
skeletal size increases overtime (i.e., velocity). 

A number of factors' besides diet can influence the height of a child at any 
given age. Sex and genetic background are the most important non-nutritional 
influences. Much of the variation in height- for-age by sex and genetic 
background is due to differences in leg length. Males tend to have longer 
legs than females (NCHS, Ser. 11, No. 12H, 1973). Blacks tend to have longer 
legs than whites, while Orientals and Mexican-Americans tend to have shorter 
legs than whites (Garn, 1979). 
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Chronic disease, recurrent infection, physical anomalies and a number of 
environmental factors such as socioeconomic status and sanitation can alsj 
affect the height attained at any given age* Some of these factors, such as 
recurrent infection, can have synergistic effects with malnutrition 
(Scrimshaw et al#, 1968). 

Under normal circumstances the speed at which children grow is relatively 
constant for both boys and girls during middle childhood, but a marked 
acceleration in the rate of growth is observed during adolescence. Data from 
the Health Examination Survey (NCHS, Ser. 11, No* 10H, 1970) show that on the 
average, girls experience the adolescent growth spurt between 10-1/2 and 
12-1/2 years of age and achieve their peak velocity in growth at 11-3/ 1 * 
years. Boys usually experience the growth spurt later than girls, between 
11-3/iTand 14-1/2 years, and hit their peak at 13-1 A years. In girls, 
growth in height ceases around 17 years, but boys may continue growth beyond 
their 20th year (Heald, 1979)* 

Biological age is more important than chronological age in determining the 
onset, duration and intensity of the adolescent growth spurt for individual 
children. Biological age refers to the state of physiological maturity of 
the child. This can be determined by radiographic assessment of the skeleton 
(Gam, 1979) or by the onset of menarche in girls and the appearance of 
secondary sex characteristics (Tanner, 1962). 

Some children experience a seasonal variation in their rate of growth . 
Prader et al. (1963) present an example where the child's normal springtime 
velocity in height growth was nearly double the autumn rate. The extent to 
which season affects growth is variable among children. 

Even though children exhibit different heights-for-age as the result of 
genetic and environmental factors, and experience different rates of growth 
due to biological development and season of the year, the growth of any 
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particular child will follow a fairly regular pattern. Waddington (1957) has 
referred to this phenomenon as "canalization" of growth. Illness or 
malnutrition can retard the growth process, but in periods of rehabilitation, 
the rate of growth will accelerate so that the child catches up with his or 
her normal growth channel. Prader et al. (1963) report that catch-up 
velocity in height can^ reach up to four times the' normal velocity for age. 
The extent to which catch-up growth occurs depends upon the length of time 
growth has been retarded, the sex of the child^ arid whether puberty has been 
reached. ; v — 

The catch-up phenomenon suggests that height would be an especially sensitive 
indicator of the effects of nutrition intervention for malnourished 
children. However, the individuality of growth rates and seasonal variations 
have' implications for the design of studies that use height-for-age as 
measures of nutritional status and of impacts of school nutrition programs. 
Key considerations are whether the studies are cross-sectional or 
longitudinal and whether the data are analyzed for individuals or groups. 

For children 6 to 10 or 11 years of age, cross-sectional data can allow for 
accurate placement of an individual at that point in time relative to bhe 
rest of the group (NCHS,.Ser. 11, No. 104, 1970). However, evaluation of an 
individual child using cross-sectional data for height alone can be 
misleading during adolescence. Because every individual has a growth spurt 
that is unique in terms of its onset, duration; and intensity, every child is 
more or less "out of phase" with other children according to chronological 
age (NCHS, Ser. 11, No. 124, 1973). Height-for-age measurements taken at a- 
single point in time during adolescence cannot reveal the child's individual 
growth pattern^ If the child appears taller or shorter than others in the 
cohort, it is impossible to know whether this is a- reflection of nutritional 
status or simply the result of early or late entry into the growth spurt. 
Cross-sectional - studies that seek to determine the growth status of 
individual children should collect supportive data on biological age. In 
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cross-sectional studies that compare height-for-age among groups of children, 
differences in the timing, intensity, and duration of ? the adolescent growth 
spurt' can be assumed to be normally distributed if the sample is 
representative; however, at a minimum, sex, race and socioeconomic status 
should be considered in the analysis, anci children with chronic diseases or 
physical handicaps should be excluded from the study. 

I 

Longitudinal studies that attempt to assess impacts of nutrition intervention 
programs on^ changes in height of children over time must correct results foH 
normal growth that would ordinarily occur between data-collection points. 
Because longitudinal, studies are logistically more difficult than cross- 
sectional studies, sample sizes are usually not w as- large and may not be 
representative of the population. Sample means and variances therefore may 
be less accurate. . Consequently, the estimation of formal growth between datai? 
points in a longitudinal study and the significance of changes from the 

normal pattern may not be meaningful unless growth patterns that existed in 

*» 

the sa f mple prior to the intervention are known. 

Seasonal variation in growth rates should also be taken into account in 
longitudinal studies, especially if the period of intervention coincides with 
the time of year where growth typically accelerates. This can be done by 
examining previous growth histories of individual children to detemine 
whether seasonal variations- in growth rates have occurred. 

height . Weight is a crude indication of body bulk or body mass and in 
conjunction with height, reflects the overall status of physical 
development. The prevalence of individuals with low weight-for~age is 
typically used to describe the scope of undernutrition in a population 
(Bengoa, 1970), while the proportion with high weight-for-age has-been used 
as an indicator of obesity. Yarbrough et al. (1974) have found that attained 
/weight-for-age correlates Well with severe protein-calorie malnutrition, but 
is a poor indicator of milder forms of the disease. They have also shown 
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.that bodyj weight increments are not , as sensitive as height increments to 
effects of nutritional intervention over short periods of observation when 
small samples of subjects (i.e., less than 100) are used. 

In developed countries such as the United States, weigh t-for-age may more 
commonly be applied in assessments of obesity than in the^detection of 
undernutrition. Obesity is defined as an excessive ' amount W'body fat in 
relation to lean body " (muscle) tissue. At the extreme end of the range for 
obesity, weight-for-age niay be well correlated with body fatness*; however, 
the association Is not clear at intermediate levels. This is because weight 
is a gross measurement that_ does not separate skeletal and muscle components 
from body fat. Thus, a child with a low weigh Wor^gV"m"easul:imeirt~may "be 
normally; proportioned but short, whereas a child with' a high weight-for-age 
measurement may be heavy, but not obese, since the excess weight could be 
composed of muscle instead of fat. 

. , '< " " I 

Weight changes during childhood are not jas regular as changes 'in height 
(NCHS, Ser. 11, No.' 104, 1970). 'According .to data from the Health 
Examination Survey, increments of mean weight from year to year for children 
between 6 and .11 are unequal, so that the curve ot mean weight by sex and age 
•is not linear as it is with height. The distributions 'are wider at older 
/ ages, so that children become more heterogeneous in weight than they do in 
height at ages 6 to 1 1 years. ~ 

The same- is true in the adolescent years. There is a "weight spurt ! in 
adolescence that generally parallels the spurt in height, but the curves 
connecting mean weight-for-age in the Health Examination Survey data are not 
as smooth as the curves for height. Also, the peTk velocity in weight gain 
during the adolescent growth, spurt is not as well defined. The best 
estimates from the HES data are that girls begin their weight spurts at 
10-3/4 years an., peak at 12-1/4 years. Boys , begin their weight spurts at 
12-1/4 years and peak at 13-3/4 years. The average durations of the height 
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and weight spurts are almost identical for botfi sexes (tlCHS,.Ser. 11, 12*J, 
1973). ' \ 

A seasonal variation is also N observed in the velocity of weight gain during 
the school/years*, but, in 'contrast to height, gains in weight tend to be 
greater in fall and winter than in sprijng and summer. Almost two thirds of 
the annual weight gain is accomplished between the beginning^ September and 
the end of^ February (Malina, 1971). However, the time of year at which 
different jChildren experience their seasonal weight gain peaks and the degree 
tlo which _seaonal variations occur at all are highly individual (Tanner, 1962). 

The same considerations , in the design of studies using weight-for-age 
measurements' apply as for height- for- age measurements. Cross-sectional 
studies -must account for variations in the adolescent growth spurt when 
.attempting to classify individuals. Longitudinal studies must account for 
seasonal variations and for the increments in weight thai would normally 
occur between data-collection points. 

! 
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Wei ght-He ight Ind ices . Limitations , of weight- for-age measurements have 
created the need for a more valid indicator of body bulk and obesity or 
leanness. The simplest index that 1 can be constructed without taking 
^additional body measurements expresses body weight in relation to height or 
as a function of -height. The major advantage of such an index is that it 
removes the dependence of weight on skeletal size. Weight-for-height , the 
body mass-index (BMI) , and variations of the "ponderal" index are commonly 
used . 

Weight-for-height is a plot or cross-tabulation of weight at a given height. 
For group data, weights can be expressed as mean or median values for 
specified height intervals. Low weight- for-h£i*ght is an indication of 
"wasting" due to acute undernutrition. High weight-for-height values in 
combination with normal height- for-age can be used as indicators of obesity. 



Weight-for-height is a better, indicator of obesity than weight-for-age 
because it relates body weight to skeletal size; . it is still limited, 
however, since it does not allow one to distinguish between fat and muscle 
tissue (Garn, 1972). 

I ' ' 

Weight-for-height, or the simple ratio W/H, standardizes the relationship 
between height apd weight into a simple linear dimension. However, body bulk 
or physique is a three-dimensional property similar to a volume measurement. 
A number of investigators ( have tried to capture this aspect of -body 
composition by devising weight-height indices that are independent of height 
and highly correlated with weight or another independent measure obesity. 

, 1 
Frerichs *«t al. (1979) used a method, described by-Benn (1971) to calculate 
the best weight-height index for predicting obesity in pver 3,000 children 2 
to \k years of age who were examined in the Bogalusa Heart Study between .1973 
and 1976. For children 2 to 5 years of age, the index which best fit the 
criteria of being independent of height . and highly correlated with other' 
measures of obesity was 'the Body Mass Index, W/H 2 ; However, in school-age 
children 5 to 14 years old, the best index was W/H 2 -77, which is close in 
form to the "ponderal" index of relative weight invented by Rohrer-i e 
W/H 3 . 

I ' 
i | 

Frerichs et al. ' recommend the use of the W/H 3 index j as an indicator of 
adiposity and, provide equations for converting the index to percentage: of 
body fat in children 10 to 1 4 years 6 old. They note, however, that none of 
the height-weight indices, including W/H 3 , is as accurate a3 fatfold 

measurements for the estimation of the percentage of body fat in this age 
group . 

DuRant and Under (1981) compared five different weight-height indices with 
fatfold measurements taken on 10 3 children aged 7 to 15 in Augusta, Georgia. 
All children in this sample were black. The investigators also 1 correlated 

1 
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the indices with height for 1,825 children aged 1 to 18, most of whom were 
black:' The indices were W/H, W/H 2 , ' W/H 3 , H 3 /W, and a weight-height 
index constructed by dividing W/H of the child by the W/H expected for age at 
the 50th percentile of the growth standards developed by the National Center 
for Health; Statistics. It was found that the index providing the best 
indication of relative weight that was independent of height and age was not 
the ^ame for all a^ge-sex-race groups of children. The authors recommend tazt 
researchers who wish to use one) of these indices as measures of relative 
weight in children should pretest the index's reliability on the particular 
data set in question. It cannot be judged a priori which index is' least 
biased by height, age and race differences in children. 

Measurements of Body Composition 

As noted above, the chief limitation of all measurements of body size as 
indicators of obesity and leanness is that they cannot provide adequate 
estimates of the skeletal, muscular and fat components of the body. These 
elements of body composition are impossible to assess directly in living 
persons, although some cadaver studies of adults have been performed 
(Krzywicki, 197*0. According to Frerichs et al. (1979), no cadaver studies 
have been performed on children. Consequently, all accounts of the validity 
of various methods for assessing body composition in children involve 
comparisons of indirect evidence. 

Several laboratory techniques can be used to estimate the weight or percent 
of body components made of muscl^l, fat and other substances. These 
techniques involve estimating fat content by weighing the subject underwater 
or by administering fat- soluble indicators such as radioactive krypton gas 
(Womersley & Durnin, 1977). Muscle mass is usually estimated by counting 
emissions from the naturally occurring radioactive potassium in the body or 
by making calculations from estimates of total body water. The principles of 
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these methods are described in a number of textbooks (e.g., Pike & Brown, 
1975; Goodhart & Shiis, 198O). 

Since all of the laboratory techniques for estimating body composition 
require expensive equipment and highly skilled personnel, they are not 
practical in large-scale field studies. Instead, body composition is 
^"estimated by taking measurements at specific sites on the body and using this 
^information to predict compojition of the , body as a whole (Haas et al., 1979) . 

Body fat is usually estimated by measuring the thickness of the fatfold 
^ beneath the -skin. Circumferences measured at various sites-; are used in 
/ combination with fatf olds to estimate lean body .mass or muscle area. 
Radiography can be used to measure bone thickness as well as muscle and fat. 
- More recently, ultrasonic devices that' are portable for field use have been 
designed to measure the thickness of fat and muscle tissue. Each of t,hese 
i^ds is described and the validity of the measurements as ' indicators of 



nutritional status is discussed in the following sections. 

Fatfold Measurements. Approximately 50 percent of the fat in normal . human* 
•beings is found in a layer which "blankets" the individual directly beneatl? 
the skin. The remaining 50 percent* of fat is located internally, usually 
surrounding organs such as the kidney (NCHS, Ser. 11,, No. 120, 1972). At 
several sites on the bpdy, it is possible to pinch a layer of skin and 
underlying adipose (i.e.., fat) tissue away from muscle or bone and lift it up 
to form a skinfold (or, more accurately ,- "fatfold") . The thickness of this 
double layer of subcutaneous fat and skin is then measured with calipers. 
„ The principle of -fatfold measurement is diagrammed in Figure II-2. 

The layer pinched^by the calipers includes, a double thickness of skin as well 
as fat. In very- lean individuals, the skin may constitute' up to half of the . 

^thickness/ of the measurement (American Academy of Pediatrics, 1968).' 

•However, the thickness of the skin is not as variable as the thickness of the 
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Figure 11-2. -Diagram of the Technique for Measuring a Skinfold, 
a Double Layer of Subcutaneous Fat and Skin 

(En this case, the triceps skinfold is being measured with 
the Lange caliper. NCHS, 1972, p. 50.) 



subcutaneous fat. Therefore, skin thickness is. considered constant and fat 
is considered to account for all of the variability in the fatfold 
measurement. 

It. has been recognized for some time that the subcutaneous fat pinched by 
calipers is compressed up to 50 percent or more by the pressure of caliper 
jaws (Gam & Gorman, 1956; Brozek 4 Kinzey, I960). ' Consequently, all caliper 
measurements systematically underestimate the actual thickness of 
subcutaneous body fat. The degree of" compressibility /varies by sex, age, and 
fatfold site. 

Himes et al. (1979) hypothesize that there ' may be many reasons for the 
variability in . fatfold compression; among them are differences in skin 
tension and the distribution of fibrous tissue and blood vessels in the 
subcutaneous fat. Differences in hydration and nutritional status could also 
play a role. Although compressibility of fatfolds is of theoretical, 
importance, insufficient data are currently available to adjust fatfold 
measurements in children for this factor. According to^ Him.es et al% , further 
research is needed to determine whether taking fatfold compression into 
account makes an appreciable difference in estimating total body fatness or 
in evaluating nutritional status. 

The thickness of fat at various sites is not equal. Consequently ,_an 
important issue is the selection of fatfold sites that are the best 
predictors of total body fat. This can be determined by evaluating which 
site or combination of sites is best able to predict total body fat or the 
percentage of body weight as fat that is estimated from laboratory techniques. 

Several investigators have reported correlations between body density or fat 
weight and fatfold thickness at various sites for normal-weight or obese 
school-age children. Pertinent features of these studies are shown in Table 
n-4. The correlation coefficients between fatfold sites and body density or 
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Table II-4. Results of Studies Comparing Fatfold Measurements with 
Laboratory Methods of Estimating Body Composition 



0 



- 


Study 


Sample 


Laboratory 
! " Method 


Fatfold 
Measures 


"Best" 
Predictors* 


j 


Parizkova, 1961 


Czechoslovakia 
241 boys and 
girls aged 9-17 
years 


Body density 

< 

i 

1 ■ 


Cheek, chin, midaxillary, • 
triceps, subscapula, chest, 
abdomen, illiac, thigh, calf 


» » 
Sum of all 10 best predic- 
tors for. all age-sex 
groups (.81) but triceps ( 
and subscapula give 
"adequate" estimates. 


Heald et al . , 
1963 


' U.S.A. 

66 boys aged 
12-18 years 


Body density 


Triceps, biceps, scapula, 
pectoral, thorax, umbilicus, 
abdomen f 


Bracheal (.i.e.., triceps 
and biceps) better predic- 
tors of % body fat than 
fat-folds from chest region. 
£ = .86 for triceps 


« 

CD 


Seltzer et al., 
1965 


U.S.A. 
32 "obese" 
girls aged 
12-18 years 


Body density 


Triceps, thigh, subscapula, 
pectoral, abdomen, knee 


Triceps £ = .69 


* 


Durnin and 
Hahaman/ 1967 


Britain 
86 boys^ and 
girls aged 
13-15 years 


Body density 
(% body fat) 

• 


B ice ps , t r i ce ps , s ubsca pul a , 
suprailliac 


Total of all 4 in girls 
r - .78; biceps in boys 
7 = .81 


1 


Michael and 
Katch, 1968 ! 

_ 1 


U.S'.A. 

48 boys aged 
17" years 


Body density 


Triceps, chest, illiac, 
abdomen, subscapula, thigh 


Illiac £ = .86 



*For convenience, signs indicating directions of relationships have been omitted from the table. In all 
comparisons with body density, £ values are negative; £ value in comparison with fat weight (kg) estimated by 
4 OK is positive. 
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Table I I -4 



Results of Studies Comparing Patfold Measurements with 
Laboratory Methods of Estimating Body Composition (Cont'd) 



Study 



-Young et al., 
1968 



Forbes and 
Amirhakimi , 
1970 



Harsha et 
1978 ■ 



al. , 



Sample 



U.S.A. 
102 girls aged 
9-16 years 



U.S. A 

472 boys and 
igirls aged 
7-18 years 



U.S.A. 

242 black and 
white boys and 
girls aged 
6-16 years 



Laboratory 
Method 




Fatf.old 
Measures 



"Best" 
Predictors* 



Body density\ ] 



40K 

(body fat kg) 



Body density 



Chin, subscapular chest 
,(2 sites) side, waist, 
abdomen (2 si tes) , 
suprailliac, triceps, thigh, 
knee 



Triceps, biceps, subscapula, 
subcostal, abdomen, 
umbilicus, illiac 



Triceps, biceps, subscapula, 
suprailliac, subcostal, 
femoral, calf 



Sum of all £ = ,73 
higher 1 in premenarche I 
(r = ,81) vs. postmenarche ! 
(£ = .71) girls. Best 
single site also varied 
by menarche status pre: 
midaxillary £ = . 80 
post: abdomen r = .74 

Average of all 6 tended 
to be higher than single 
measures at all ages in 
both sexes. £ range 
•49-. 48 (boys) and 
.20-. 87 (girls) depend- 
ing on age* Subscapular 
generally higher than 
triceps in both sexes. 



Best single measure and 
combinations of fatfold and 
other anthropometric 
measures varied by sex and 
race: Best single measure 
for white males, white 
females, black* males, was 
femoral fatfold (£ = .80). i 
Black females suprailliac 
fatfold r = .86. 



*c^ison' e with !S'dl2}2 tin9 d i f " ir tl °" S ? relat *°" s hips ^ve been omitted from the table T-Tn-Ol 

SFE ; ^sitrJe " denSlty ' ValUeS negatiVG; * -' alUe in comparison with fat weight (kg, estimated by 
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body fat estimated by laboratory technique.- ranged from very low correlation^ 
of .20, to very high correlations of over .90, depending on sex, age and the 
particular sites that were assessed. In general, combinations of site:; 
produced higher correlations than the use of a single site, but the 
differences were not very large. Correlations were also generally higher, 
regardless of sites measured, for boys than for girls (Forbes & Amirhakimi, 
1970). Correlations for all sites were related more to biological than 
chronological age in one study of girls (Young et al., 1968). The difference 
by sex could indicate that girls carry more of their total body fat 
internally compared with boys, or carry more of it in subcutaneous areas that 
are not typically measured by calipers. 

Examination of results from the various, studies in Table II-U does not reveal 

a single fatfold site that is the "best" predictor in all cases. In field 

studies, the triceps fatfold is often measured because ii is more accessible 

than other sites (NCHS, Ser. 11, No. 120, 1972). Seltzer and Mayer (1967) 

» 

have concluded that the triceps fatfold is more accurate than the subscapular 
fatfold for the classification of obese subjects. 

Tne predictive validity of the triceps fatfold measurement can be improved 
when it is combined with height and weight. Frerichs et al. (197.9) and 
Dugdale and Griffiths (1979) have used combinations of height, weight and 
fatfold measurements in statistical equations to predict fat weight or 
percent body fat estimated by laboratory techniques. The values predicted by 
the equations using height, weight and triceps fatfold corresponded well with 
the laboratory values in both studies. The amount of variation in body fat 
explained by the fatfold measures ranged from 75 to 92 percent. These 
predictions showed only moderate improvements when fatfold measures from 
additional sites were added to the equations. 

Published equations such as those of Frerichs et al. and Dugdale and 
-Lffiths cian be used to convert height, weight, and fatfold measurements 
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from other field surveys into estimates of fat body weight or percent body 
iy. However, some authors feel that predictive equations for body 
composition derived from one sample should not be used on another sample 
without validation (Smith and Boyce, 1977). If laboratory techniques are not 
feasible, characteristics of the two samples that might affect results should 
be compared. 

Dugdale and Griffiths used data originally collected by other investigators 
of 77 boys and 86 girls aged U to 19 years in Great Britain. Ethnic and 
socioeconomic characteristics of these children may not be comparable to 
thorfe of chilaren in the United States. 

Frerichs et al. derived their equations from 10-to 14-year-old children 
examined in the Bogalusa Heart Study. Although this sample contained a 
disproportionate number of low-income children and black children, the 
authors state that the Bogalusa children were similar on anthropometric 
measures to U.S. children sampled in the Health Examination Survey. Hence,, 
their equations should be applicable to other representative groups of 10*. to 
14-year-old children. 

' Recently an argument in favor, of converting fatfold thickness to an estimate 
of fat area has been promoted, on the basis that it takes more fat to. cover a 
large area with a given thickness* than it does to cover a small area with the 
same thickness of fat. This would suggest that fat area is preferable' to 
3imple fat thickness, since it is more highly correlated with total body 
fat. This assumption has been tested by Himes et al. (1980) on a sample of 
subjects containing 210 boys and girls 6 to 17 years old. Himes et al. found 
that overall, no appreciable advantage was gained by using fat areas instead 
of fatfold thickness to estimate, percentage of body fat. However, when 
fatfold thickness and fat area measurements were correlated with fat weight 
(kg), higher values were consistently found for fat areas than the 
corresponding fatfold thickness. The authors conclude that if percent body 
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fat *is the variable of interest, fatfold thickness is just as good a 
predictor as fat area, but if attention is focused on absolute fat weight, 
conversion of fatfold thickness to fat area is preferred. 

Mid-Upper-Arm Circumference , Muscle is the largest ^proteih-containing organ 
in tjhe body and the major component- of lean body mass (Jelliffe & Jelliffe, 
1969). The estimation of muscle mass £s therefore an indirect indicator of 
protein reserves in the body. A number of accounts in the literature relate 
decreases in muscle taass to protein-calorie malnutrition. Standard et al. 
(1959), found that the decrease in muscle mass in children suffering from 
severe PCM was greater than deficits in bo&y weight. The muscle calculations 
were significantly correlated with urinary excretion of creatinine, which is 
a biochemical index ofj muscle mass. ; f When the children were given nutritional 
rehabilitation, the muscle measures increased. 

Muscle strength has been shown to be proportional to arm muscle area. Malin* 
(1979) suggests that, children with mild T to-moderate undernutrition will have 
a reduced arm muscle area and a corresponding reduction in muscle strength. 

Estimates of arm muscle area are calculated from measurements of the 
^circumference of the upper arm and the triceps fatfold. The equations have 

'been published by Frisancho (197*0- Gurney and Jelliffe (1973) have 

! - 

developed normograms which simplify these calculations when highr speed 
computers are not available. Separate tables are given for children and 
adults . 

* 

Jelliffe and Jelliffe (1968) state that the mid-upper-arm circumference is 
relatively age-independent, at least in early childhood* Frisancho (197*0, 
examining data from the Ten State Survey, did not find this to be the case 
for ages one to five and adolescence. However, compared with , height and 
weight changes during these same year$, the arm circumference shows a small 
change. Frisancho agrees that evaluations of arm circumference during 
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cniidhood my not require an exact knowledge of age. However, Frisancho 
found that arm muscle area shows greater changes with age than arm muscle 
circumference. Assessments of muscle mass based only on arm circumference 
would underestimate the amount of change in muscle tissue occurring over 
time. Therefore, Frisancho recommends that evaluations of the nutritional 
status of children include the calculation of muscle area from the 
circumference measurement and that arm muscle area be expressed in relation 
to age. - i 

k • - J i 

All calculations of muscle size based on arm circumferences and fat fold 
measurements are subject to three limitations. First, it is assumed that 
bone diameters are the same for children of the same age and hence may be 
safely ignored in the arm muscle calculations. This assumption may not be 
valid. Male humeri, on average, are larger than the "humeri of females so 
that, regardless of nutritional status, male values of muscle size may be 
overestimated compared with females (Frisancho, 1971). 

^ ! 

Second, the area calculations assume that the upper arm is cylindrical; 
however, it has been shown that the upper arms of male^s are flatter and more 
rectangular than those of. females (Osborne & DeGeorge^ 1959). According to 
Frisancho,- this too could result in overestimates of arm muscle size in males 
compared with females. 

Finally, none of tne formulas compensate for fatfold compressibility. Since 
-all fatfold measurements underestimate the thickness of subcutaneous fat, all 
estimates derived from equations using fat folds will overestimate the 
thickness of muscle tissue. Clegg and Kent (1967) have found that triceps 
fatfold compressibility in young adult females is 4.8 percent greater than in 
males. If these differences in fatfold compressibility at the triceps also 
occur in children, this is another reason why muscle size in males may be 
overestimated compared with females. All of these limitations imply that arm 
muscle measurements should be analyzed separately by sex and that the values 



snouiq be considered as relative indices of nutritional status rather than 
absolute indicators of muscle (or protein) reserves. 



Radiography and Ultrasound 

Radiography and ultrasound are used for a variety of diagnostic purposes in 
research . ajid clinical medicine. Their use in studies of nutritional status 
to assess body composition is only one of their many applications. 

Radiography is a reliable and sensitive method of determining body 
composition at specific sites (Haas, 1979). As indicated above, it has been 
used to determine skeletal ages of children and to validate fatfold and 
muscle thickness measurements. The principle of radiography is that bone, 
muscle and .fat absorb different amounts of X-rays. The X-ray plate taken pf 
the upper, arm, calf or thigh shows different shadows jthat represent the width 
of bone marrow, the whole bone, the muscle and fat tissue. Measurements of 
these various widths can be converted into cross-sectional areas (Haas, 1 979) • 

Although portable equipment is available for use in the field, there are 
serious limitations to radiography in large-scale surveys involving 
children. Radiation exposure can produce sterility. Garn (1979) estimates 
the radiation dosage is approximately 2 to 5 milliratis to the skin per 
radiograph, depending on the equipment and type of film. This exceeds the 1 
to 2 oillirads of daily background exposure in the environment. With proper 
procedures and use of a lead shield, the gonadal dosage should be below .1 
millirads. This is considered a safe level, and for purposes J of clinical 
diagnosis, the risk of radiation exposure is warranted. However, nutritional 
status surveys of essentially healthy school children offer no immediate 
benefits to the subjects. Unnecessary exposure of children to radiation in 
this situation is difficult to justify. 
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Ultrasound, like diaenosti^ y.m«« r,^,;^ — ~ n.,<~«. n' „<> IU i 
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tissue underneath the skin; The advantage of ultrasound is that it doesjnot 
. expose the subject to-radiation. The principles of ultrasound and its use in 
nutritional status assessment have been reviewed by Haas (1979)-. Ultrasonic 
energy is energy from high, frequency mechanical vibrations above those 
audible to human ears. The energy can be focused into a narrow beam which is 
capable of penetrating dense matter, including living tissue. When the beam 
encounters the interface between tissues- of different density some of the 
energy is deflected back as an "echo." The time required' for the echo cycle 
is a function of the tissue thickness and density. 

The ultrasound equipment used to determine body composition generates * 
ultrasonic waves by an electrical-to-mechanica'l transducer. The transducer 
also converts the echo reflected . back to electricity wfien the energy beam 
encounters .different tissues. The electronic impulses are fed into an 
amplification and recording device. Two different systems, A-mode and 
B-scan, respectively, measure the depth of the tissue and produce 
cross-sectional estimates. 

i 

1 • 

Ultrasonics was first used in body composition studies to measure the 
thickness of subcutaneous fat in livestock. In 1963, the technique began to 
be used experimentally r rr the assessment of body composition in humans. To 
date, only a small numbef of studies have compared ultrasonic measurement of 
fat and muscle tissue to measurements obtained with calipers, radiography or 
the various laboratory techniques. ' Generally high correlation coefficients 
in the range of .75 to .96 have been obtained (Haas, 1979; ' Sanchez & 
Jacobson, 1978; Booth et al., 1 966 ) . 
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The results of these studies are promising indications that ultrasound may 
ultimately prove to be the most valid and practical means of assessing body 
composition. However, its application to date has not included use in 
large-scale field surveys. Portable equipment is available (Body Composition 
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Meter, Ithaco Co.). but H?as (1979) has found that ultrasonic measurements 
using this, device are subject to large interobserver error. When several 
observers must be used in a field study, the interobserver error with 
ultrasonics is potentially greater than the interobserver error using 
calipers. Furthermore, no studies of the validity of ultrasound for 
.measuring fat and muscle have been conducted on healthy scnool-age children, 
and there are no generally recognized standards for interpreting ultrasonic 
measurements in this age group. 

Discussion 

Body size and body composition are indicators of growth and development in 
■ children. Anthropometric measurements of body size and body composition' are 
sensitive to the effects of energy and protein nutriture on growth and 
development, but are less sensitive to the effects of vitamin and mineral 

status (Roa & Singh, 1970), 

| 

Height and weight are the two measures commonly used to estimate body size. 
Height .primarily reflects skeletal growt . (Tanner/ 1976). Low height-for-age 
is usually considered an indication of "stunting" due to chronic 
undernutrition (Fomon, 1977) • 

Weight is a gross indicator of body mass. Low weight-for-age can be used as 
an indication of "wasting" due to acute undernutrition. High weight-for-age 
can be used as an indication of obesity (i.e., excess body fat) due to 
overconsumption of calories. However, total body weight is a limited measure 
of i these states because it doe3 not separate fat tissue, muscle, and skeletal 
components. Both height and weight can be influenced by genetic and 
environmental factors that are unrelated to nutrition. 

Growth in height is essentially linear in early and middle childhood, but 
exhibits an abrupt "spurt" in girls and boys at about 10 and 11-1/2 years, 



246 



' / 



/ 



I 

I 

respectively. Weight follows a similar but o s erratic pattern (NCHS, 
1970). Seasonal variations in growth have also been observed. Some children 
gain more rapidly in\height during the spring and summer than in fall and 
winter (Prader et al., 1963). Weight has an opposite pattern of seasonal 
variation. Some children experience as much as two-thirds of their annual 
weight gain during the fall and winter months (Malina, 1971). 



Growth among children is\ highly variable-expecially with respect to the 
timing, intensity and duration of the spurt in adolesence. However, an 
individual child will follow his or her own "channel." Following periods of 
malnutrition, growth accelerates so that children catch up with their 
original growth curves. The extent of catch-up growth depends upon the 
severity and extent of the nutritional^ deprivation. 

All of these factors have implicationsXregarding the use of height and weight 
data to measure the impacts of school Writion programs. Cross-sectional 
data can be validly used to assess the Vow th status of individuals and 
groups of children provided that sufficient Controls are used to account for 
non-nutritional factors. Variability in the clraing, intensity and duration 
of the adolescent growth spurt makes it desirable to obtain data on 
biological as well as chronological age for children who are ten years old or 
more. This recommendation is especially important in longitudinal studies 
attempting to measure changes in growth that,- result from nutritional 
interventions. In addition, longitudinal ' studies must account for normal 
growth and easonal variations that occur between data-collection points./ 

In addition to height-for-age and weight-for-age, various indices can be used 
to estimate relative weight. Weight-for-height, which is simply a cross- 
tabulation of the two measurements, is preferred over weight-for-age as a 
measure of obesity because it controls for skeletal size (Waterlow, 1972; 
Fomon, 1 9J7 ; Weil, 1977). Weight-for-height is relatively age-independent in 
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prepubescent children, but it cannot be used with confidence in older 

*u ; 1 »i •%#%•% ..j(.u...t. £ j 

^wiiuicu WXUIIUUU CV.LUC1HJC UlUlUgXOdl agt: . 

The body mass index (W/H 2 ) and the various "ponderal" indices are also 
indicators of relative weight and obesity. Frerichs et al. (1979) have shown 
that W/H3 has a high correlation with measures of .obesity in children 5 to 

4 

14 years of age. However, the reliability of each index should be evaluated 
for a given sample (DuRant & Linder, 1981). None of the measures based 
solely on height and weight can predict body fatness as well as fatfold 
measurements. 

Body composition is generally assessed in surveys from fatfold and arm 
circumference measurements. Fatfold measurements estimate the thickness of 
subcutaneous fat at specific sites using special calipers. No single ,site is 
a completely accurate predictor of total body fat as determined by laboratory 
methods. The triceps measure has been shown to ^ correlate highly with 
laboratory values in a number of studies. The i triceps is also more 
accessible than other fatfold sites (NCHS, Ser. 11,; No. 120, 1972) and is 

better able to classify obese subjects (Seltzer & Mayer, 1967). 

/ 
I 

All fatfold measurements are limited by the compressibility of fat tissue by 
the jaws of the calipers. Consequently, fatfold measurements underestimate 
the amount of fat present. Variation in fatfold compressibility has been 
discovered among childrep of the same age and sex (Himes, ,1980). 

Arm muscle area is calculated froic measurements of the triceps fatfold and 
the mid-upper-arm circumference. It corresponds to protein reserves in the 
body (Jelliffe & Jelliffe, 1969) and muscle strength (Malina, 1979). Arm 
muscle area is r reduced in children suffering from protein-calorie 
malnutr^ on. 
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Because the arm muscle circumference- is derived from the triceps fatfold 
measurement., it, is_ subject to the same vulnerabilities. To the- extent that 
•subcutaneous fat is underestimated, the corresponding muscle area is 
overestimated. In addition, differences' in the size of the humerus' and shapo 
of the arm among individuals are not taken into account (frisancho, 1 974) . 

* 

Radiography and ultrasound are more accurate methods^-than^atfold and 
circumference measures for estimating the thickness of 4bcutanebus fat and 
arm muscle area; however, both have limitations for use\n fteld surveys. 
Radiography .exposes children unnecessarily to radiation, whilXultrasonic 
devices are subject to intertfbserver measurement error (Haas, 1979). 

* / 

PROTOCOLS FOR ANTHROPOMETRIC MEASUREMENTS 

Compared with dietary and biochemical techniques, anthropometric measurements 
are relatively simple and straightforward. However, one of anthropometry's 
major weaknesses is related to errors introduced by poor measurement 
techniques (Zerfas, 1979). Krogman (1971) reports that in compiling a review 
of 600 studies on child growth, nearly 300 studies had to be dismissed 
because of inadequate sample sizes, poor statistical analysis, or "sloppy" 
measurement. Garn (1979) estimates that about 3 percent of all measures may 
be in error, primarily due to mistakes in . identification, measurement, 
transcription, coding, and card reading. A survey conducted by the Center 
fpr Disease Control (1975) found frequent measurement errors in state and 
local health clinics due to poor instruments and poor reading and recording 
techniques. These errors affect the reliability of anthropometric data. 
Studies which employ, multiple teams of data collectors are especially subject 
to these sorts of problems. In such studies, the techniques used to take the 
measurements must be standardized and carefully controlled. 

In this section protocols and quality control procedures for taking height, 
weight, fatfolds and mid-upper-arm circumference measurements are described. 
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Because radiography and ultrasound are not suited to large-scale studies of 
school children, protocols for these techniques are not discussed. 

The discussion of protocols centers on methods, ..iStruments, personnel, 
training and quality control. Reviews of these topics have been provided by 
Falkner (1961), Jelliffe (1966), the American Academy of Pediatrics (1968), 
Tanner et al. (1969), Owen (1973), Cameron (1978) and Zerfas (1979)f 

Much detailed information on the development and use of anthropometric 
protocols has been, derived from large-scale studies of the U.S. population 
conducted by the National Center for Health Statistics. This agency of the 
Department of Health and Human Services (formerly Department of Health, 
Education and Welfare) has conducted periodic surveys of the health status oi 
various segments of the U.S. population since 1959. f Cycle II of the Healtr 
Examination Survey (HES) was conducted from 1963 to 1965 on a probability 
sample of non-institutionalized children aged 6 to 1 1 years. The program 
succeeded* in obtaining a response rate of 96 percent of the 7,417 children 
selected for the sample. The examination consisted of two parts: (1) an 
assessment of factors related to growth and development conducted by a 

physician, nurse, dentist, '^nd psychologist; (2) a variety of somatic and 

t 

physiological measurements performed by specially trained technicians. 

Between 1966 and f970, Cycle III of the^HES obtained data on 12- to 17-year- 
old children comparable to data obtained in Cycle II. The same primary 
sampling units were used for Cycle III, so that approximately 30 percent of 
the children were the same individuals who had been examined in Cycle II. 
The response rate for Cycle III was 90 percent of the total sample of 7,51** 
children. 

The National Cen^r^ for Health Statistics initiated another survey, the 
Health and Nutrition Examination Survey (HANES), which added a special 
emphasis on nutritional status to the basic HES design. This survey was 
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conducted from 1971 to 197b on a sample of subjects 1 to 7« years old. 
.Details of the sample are provided m the chapter on school nutrition program 
impacts (Chapter IV). HANES completed a second cycle of data collection from 
1975 to 1979. 

Height 

Instruments . The instruments for measuring height range from simple 
graduated measuring tapes fastened against the wall to irore' precise 
anthropometers (scaled measuring rods) and custom-made boards with moveable 
crossbeams or more expensive commercial stadiometers (boards with a scale 
attached) with digital printouts (Zerfas, 1979). The freestanding 
heightboard is most commonly used in- surveys. The -equipment used in HES 
consisted of a level platform with an attached vertical bar. The vertical 
bar measures height on a steel tape. Perpendicular to the vertical bar is 
another horizontal bar which slides down to fit snugly over the subject's 
head. A Polaroid camera is attached to a second moveable horizontal bar- 
positioned in the same plane as the first. The camera records the subject's 
ID number next to the pointer oji the measuring tape. This not only provides 
a permanent record of the reading., thus reducing errors in coding and 
transcription, but it also eliminates measurement error due to parallax, 
i.e., the tendency for an observer to read too high a measurement when 
looking up at the scale or too low a measurement when looking down on the 
scale. A number of investigators (e.g., Fomon, 1977; Zerfas, 1979) advise 
against using the height attachments on weighing scales. The headpieces are 
wobbly and too narrow to obtain accurate measurements. 

Position of Subject. Positioning the child is an important aspect of height 
measurements. School-age children are usually measured for standing height 
(stature) rather than recumbent length. It has been recognized for some time 
that ail subjects measure shorter when standing compared with lying down. 
This is because gravity compresses the spaces between the vertebra of the 
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spine when subjects are standing up, Roche and Davila 097*0 have calculated 
that over the entire age-span of 6 to 1 8 years, median differences between 
stature and length range from approximately 1.1 (age eight) to 2.9 r age 14 
centimeters > The loss in stature occurs «; 4 en subjects stand for at least one 
hour. This loss is regained when subjects lie down for the same period of 
time. 

The loss In height on standing has led some investigators to recommend that 
examiners exert an upward pressure on the subject's mastoids to "stretch 
everyone in a standard manner" (NCHS, Ser. 11, No, 120, 1972), The upward 
pressure technique can increase the subject's standing height by as much as 1 
cm. This technique was not X used in HES, but children Were asked to "stand up 
real straight" and "look straight ahead." Falkner (1961) suggests that the 
child's heels, buttocks and shoulders should be against the wallboard- Shoes 
should be removed. Heels should be together and the feet should make a ^5° 
angle with each other in a comfortable stance. The examiner should see that 
the axis of the child's vision is horizontal and that the auditory meatus 
(opening to the ear),' the acromium process of the shoulder, the hip 
trochanter and the anklebone are all in one perpendicular line. The child 
should stay in place until the measurement is read, so that the headboard 
does not slip. Readings should be recorded to ,1 cm or less (Zerfas, 1979). 

Other Factors . The time of day can, affect the height measurement. As early 
as the 18th century, it was observed that children decrease in height over 
the couvsk of the day. Baker et al. (1978) report data from over 3,500 



children 7 to 9 years old showing mean height differences of approximately 
1/2 cm in the morning versus the afternoon. Protocols for cross-sectional 
studies should assure that measurements that are intended to be compared for 
different groups of children are equally distributed throughout the day. In 
longitudinal studies, the time of day when the initial measurement is taken 
should be recorded for each child so that subsequent measurements can be 
taken at a comparable time. 
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Weight 

Instruments . In a survey of practitioners from pediatric nutrition clinics 
throughout the world, Jelliffe (1968) found that the preferred scale for 
recording weights in field studies should (1) be inexpensive, (2) have an 
accuracy to .1 kg, (3) be sturdy, durable and easy to clean and repair, (*) 
be /easily transportable, (5) have clear readability, (6) have a sufficient 
weight range, (7) have a nonf rightening appearance, and (8) have an 
appropriate weighing surface. While several devices meet these 
characteristics for infants and young children, there remains a need for 
inexpensive, sturdy, portable scales for older children and adults (Zerfas, 



1979) 



The Detecto balance 'beam scale is used in many health centers in the United 
States. It weighs subjects up to 140 kg (250 lbs) in . 1 kg intervals. 
Duplicate measurements obtained in the Bogalusa Heart Study on a Detecto 
scale and an automated electronic scale (National Controls, Inc.) agreed 
within .5 kg for 99.9 percent of the observations (Berenson, 1980). A 
disadvantage of the Detecto scale is that it is bulky to transport and 
requires frequent calibration in the field (Zerfas, 1979). 

HES used a Toledo self-balancing weight scale that mechanically prints out 
weights directly onto a permanent record (NCHS, Ser. 11, No. 10V 1970). 
Recorded weights were later transferred to a punched card to the nearest half 
pound. The scales were calibrated about once a month-each time the scale 
was moved to a new site. 

Zerfas (1979) states that spring bathroom-type scales should not be used in 
surveys unless portability and availability override all other 
considerations. These scales do not provide the precision required for 
scientific purposes and must be frequently calibrated. 
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Clothing . A major issue in the development of protocols for measuring weight 
is how to account for the weight of subjects 1 clothing* Falkner ( 1 96 1 ) , 
insists on nude weight, but this requirement is often impossible to carry out 
in the field. The next best alternative is to provide subjects with light- 
weight shirts, shorts and gowns to wear during the examination. This 
procedure was followed in HES. However, the weight of the clothing (ranging 
from .2*1 to .66 Id.) was not deducted from the body weight measurements. 
Consequently, ail weights reported from HES are .2*1 to .66 above nude weight, 
recorded to the nearest half pound. 

If separate weighing rooms are not available for boys and girls or the 
weighing cannot be scheduled separately for each sex, having subjects change 
into special garments for the examination may not be feasible. In this case, 
all obvious sources of excess weight '(e.g., shoes, heavy jewelry, belts, 
etc.) should be removed. If notification of the examination can be given in 
advance, children should be asked to wear lightweight garments. In 
wintertime, outer garments (jackets, coats, sweaters, hats, etc.) should be 
removed. Several sets of "typical" clothing can be weighed in order to 
estimate the range of measurement error. The average weight of the clothing 
can also be subtracted from the individual weight measurements (World Health 
Organization, 1970). The latter procedure was followed in the Ten State 
Survey (Center for Disease Control, 1972). 

Other Factors . Tnere are other factors besides clothing that can produce 
short-term variations in the weight measurements of an individual. For 
example, changes in body weight can be due to changes in hydration and the 
contents of the gastrointestinal tract . Yarbrough et al . ( 197*0 estimate 
that these factors can cause weight to vary as much as 200 grams when 
repeated measurements are taken on the same child from day to day. This 
variation is far greater than the variation caused by errors due to the 
precision of scales and observers 1 measurements. Of all anthropometric 



/ 



measures, weight is unique in this regard (Zerfas, 1979). To the extent 
possible, anthropometric protocols should control for intraindividual 
variation. Children should visit the bathroom before weight measurements are 
taken. In longitudinal studies, weight should be recorded at the same time 
of day as the previous measurement. 

Fat fold Measurements 

Instruments. Calipers for measuring fatfolds should be spring-loaded to the 
closed position and compress the fold with a constant pressure of 10 grams/ 
™>2 throughout the range of openings (NCHS, series 11, No. 120, 1 972 ). A 
number of instruments meet these specifications, but the Lange and Harpenden 
models are used most often. The Lange caliper (pictured in Figure II-2" is 
manufactured L the United State, and is less expensive than the Harpenden. 
Keys (1971) states that the two types of calipers give equivalent results, 
but does not give details of the comparisons. Zerfas (1979) says that 
plastic calipers are not recommended, especially for children, because they 
have inadequate springs and incorrect tensions. 

The "anthrogauge" is another device for measuring fatfolds. It is a flat 
plastic sheet 1/8-inch thick with notches of selected widths. The fatfold 
thickness is measured by inserting it into the most appropriate notch.. 
Separate gauges are made for the different agev groups. Although the 
anthrogauge is inexpensive and convenient, it gives only an approximate 
measure of fatfold thickness and is stiLl in the testing phase (Zerfas, 1979). 

Me^^ementjrjchnia^. Finding the exact location of tne fatfold site on 
each -.subject can be a problem, especially if the subject is obese. Protocols 
should incJude exact instructions to examiners. Subjects may be asked to 
disrobe so that the fatfold and bcdy landmarks are more accessible. 
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The fatfold should be lifted by a firm grasp with the thumb and index finger 
about 1 cm above the site where the calipers are to be placed. The examiner 
must be careful not to pinch the underlying muscle, as this is painful to the 
subject. The width of the fatfold that is lifted varies with the site and" 
the thickness of the subcutaneous fat. It is therefore difficult to 
standardize this aspect of the procedure. For any given site, the width of 
the pinch should be minimal yet still yield a well-defined fold (NCHS, Ser. 
11,, No. 120, 1972). 

While the pinch is being held with one hand, the examiner^ uses the other hand 
to place the jaws of the calipers around the fatfold. This should be done so 
that contact surfaces of the calipers are parallel and are at the same depth 
as the pinch. 'Because the fatfold is compressible, the; reading on the gauge" 
will decrease slightly after the caliper is applied. Investigators recommend 
waiting two to three seconds after the caliper is applied before taking the 
reading (Zerfas, 1979; Fomon, 1977). Taking a second reading without 
releasing the pinch is also recommended (Zerfas, 1979). In HES, examiners 
were instructed to continue taking measurements at the same site until 
measurements agreed to within 1 mm. Zerfas (1979) recommends taking an 
average if consistent readings on children are not obtained after three 
measurements . 

Mid-Upper-Arm Circumference 

Instruments . Steel measuring tapes have been popular for measuring arm 
circumference in fiald surveys. The steel tape used in HES was a flexible 
tape with a spring rewind scaled in centimeters ^and millimeters on one side 
and inches on the other. ■ A fiberglass tape was used in HANES (NCHS, 
Examination Staff Procedure Manual , 1975-1979). 

Recently Zerfas (1975) has introduced a tape that inserts into itself so that 
' the measurement is read through a "window. 11 Two arrows guide the insertion, 
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one next to the window slot and the other at the distal end of the tape. The 
measurer threads the tape through the slot from behind and the free part of 
the tape is drawn through the slot to the required tension around the .u-m. 
The reading is hade at the point of the two arrows, perpendicular to the long 
axis of the tape. Compared with conventional tapes, the insertion tape 
improves control, alignment and reading of the mid-upper-arm circumference. 
Test-retest mean differences are about k mm. In a study involving five 
measurers and nine young children, it was found that the mean of the standard 
deviation in head circumference measurements using the insertion tape was 
significantly lower than the mean of the standard deviation using a steed 
tape . J 

Measurem ent Techniques . The s^te , for the j mid-upper-arm circumference 
measurement is located in the same way as for measurement of the^triceps 
fatfold. In U.S. surveys, both the triceps fat fold and the mid-upper-arm 
circumference are usually measured on the right side. If both measurements 
are being performed, the .circumference is generally measured first. The 
circumference is measured while the subject's arm hangs loosely at the side. 
The examiner must make sure the tape is horizontal and is in contact with the 
skin but not wrapped so tightly that it deforms the skin contours. Readings 
are taken to the nearest .1 mm. 

Personnel. Training and Quality Control 

No recommendations concerning the level 6T personnel that must be used to 
Obtain anthropometric measurements are found in the literature. All 
personnel performing measurements in HES were experienced X-ray technicians 
who had been trained in anatomy and the identification of body landmarks. 
Additional qualities of the technicians were that they worked well with 
people and were skilled at giving people verbal orders and the handling 
necessary to position the subjects correctly (NCHS, Ser. 11, No. 120, l 97 2h 



An eye for accuracy and a friendly manner with children might also be added 
co the list of desirable traits. 

A. • 

In studies taking only basic measurements (i.e., height, weight, triceps or 
subscapular fatfold and mid-upper-arm circumference), it is possible to use 
inexperienced personnel if adequate training is provided and quality control 

measures are instituted. Most studies use teams, each consisting of two 

j 

examiners. One person takes the measurements while the other records the 

measures and perjforms quality control. Zerfas (1979) suggests that tho 

training schedule for examiners include: 
• 

• Procedure and instruments demonstration 

• Instrument practice under supervision 

• Trial practice review 

* 

• Standardization test (i.e., compare results of measurements on same 
child taken by supervisor and trainee) 

• Review and practice under simulated field conditions 

• Further standardization test if required 

• Field triaLs under supervision 
I • Review ; 

• ' I , 

The program of training and quality control for HES had two broad goals: 
to reduce the variability from measurement efforts, and (2) to assess the 
magnitude of the remaining residual error (NCHS, Ser. 11, No. 120, 1972). 
The procedures were as follows: 

• Initial training of examiners. 

• Periodic direct observation by supervisors as the measurements were 
being taken with correction of errors when necessary. 
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• Practice and retraining during "dry runs 11 in the field performed on 
the first day at each new location. During this time all equipment 
was retested and recalibrated. 

• Formal standardization tests conducted every six to nine months by 
the supervisors. Each session lasted two days. Two boys (one quite 
fat, the other lean) were involved in measurements each time. On the 
fipst day the boys were measured by each of the examiners with 
supervisors acting as recorders. The following day, the procedure 
was repeated, thus giving both interobserver and intraobserver 
measurements for quality control comparistns. Major discrepancies 

. were noted and attempts were made to iderUfy and eliminate their 

causes. /' 

• Daily instrument checks were performed. For example, calipers were 
checked by inserting wedges ;of known width. Adjustments in the 
calipers were made when the readings did not correspond. Several ' 
additional calipers were available in case a set in use could not be 
calibrated accurately. 

• Field analysis of replicate measures. In the field phase of Cycle 
III, 5 percent of, the examinees returned for pleasuring, usually 
after two to three -weeks. At the time of the original examination, 
neither the examiner nor the subject knew if the subject would return 
for a replicate examination. Reexaminations were interspersed with 
initial examinations during the measurement sessions. 

Discussion 

Anthropometric protocols include the specifications for equipment, personnel 
and procedures for taking height, weight, fatfold and circumference 
measurements. Standardization of protocols is designed to reduce measurement 
error. 
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Several, different types of equipment are available for each anthropometric 
measure. Selection usually involves a trade-off between precision and C03t. 
Personnel need not be experienced for studies taking a limited number of 
measurements as long as training and quality control programs are instituted. 

Positioning the child is important in height measurements. Some 
Investigators recommend "stretching 11 the child by exerting upward pressure on 
the mastoids, but this has nc. generally been done in large U.S. surveys. 

j - 

Both height and weight are sub'ject to diurnal variations. The weight 
measurement is also particularly subject to intraindividual variations from 
day to day due to clothing worn by the child, hydration and contents of the 
bladder and GI tract. These factors must be considered in the development of 
anthropometric protocols, especially those that will be used in longitudinal 
studies where repeated measurements of ;he child are expected to reveal small 
but significant changes. 

The technique for taking fatfold measurements requires personnel to be 
sufficiently trained to locate sites accurately, lift the fatfold from the 
underlying muscle and bone, apd read the value on the caliper gauge/ 
CIrcumferer je measurements require the same degree of t precision in locating 
sites, positioning the measuring tape and reading the circumference values. 

The procedures for taking these and other anthropometric measurements in 

i 

large-scale field studies have been well developed and standardized in HES 
and HANES. 

) { 

RELIABILI TY OF ANTHROPOMETRIC MEASURES 

The prW^dres for standardization of protocols, training and quality control 
are all aimed at improving the reliability of anthropometric measures. 
Measurement error is the primary source of unreliability but,, 'as noted above, 
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mtraindividual variation due to season of year, time ,of day, bladder 
contents, etc., can affect measurements of height and weight. 

/ ; 

Zerfas (1979) has provided a list of common causes of measurement error for 
various techniques. Common sources of error for all measurements are (1) 
inadequate instruments, (2) restless child, (3) reading part of instrument 
not fixed when value is taken, (H) reading in error, and ,(5) recording in 
error. Other problems that can plague specific measurements are shown in 
Table II-5. 

Several studies conducted from 1926 to 1911 indicated that the extent to 
which measurement errors of the kind listed in Table II-5 occur in surveys is 
influenced by several factors (Gavan, 1950). In general, reliability of the 
.measurements increases when the number of examiners decreases, the amount of 
subcutaneous tissue ,decreas3S, the experience of the examiner increases, and 
the landmarks used to locate sites are more clearly defined. These types of 
errors can be attributed 'to measurement techniques used by the same examiner 
on different subjects (intraobserver error) and by different examiners on the 
same subjects (interobserver error). 

A^number of more recent studies have attempted to quantify the amount of 
intraobserver or inte-observer error that ocours with various anthropometric 
measurements (Gavan, 1950; Kemper & Pieters, 1971; Jamison &' Zegura, 197U; 
Martorell, et al., 1975; Rauh & Schumsky, 1968). 

The most comprehensive assessment for children was performed in HES with the 
replicate data from Cycle III described above. In Cycle III, 11 technicians 
made Replicate examinations on a total of 301 children-22i1 children were 
reexamined by different technicians, 77 children were reexamined by the same 
technician. Differences in measurements obtained by the same (intraobserver) 
and different (interobserver) technicians were assessed for height; weight; 
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Table II-5. Common Errors of Measurement in 
Anthropometry (Zerfas, 1979) 



Height 



Weight 



\ 

- ( Triceps fatfold 



Incorrect age for instrument 
Footwear or headgear not removed 
Feet not straight nor flat on floor 
Knees/bent 

Body arched or buttocks forward 

Head not in correct plane 

Shoulders not straight on board 

Headboard not firmly on crown of child's head 

/ 

Rdom cold, no privacy ' . 

£cale not calibrated to zero 
Child wearing unreasonable amount yi clothing 
Child moving or anxious 



Wrong arm / 

- i 

Mid-arm point or posterior lane incorrectly located 
or marked 

Arm not loose by side during measurement 

Examiner not comfortable or level with child 

finger-thumb pinch or caliper placement too deep 
'(muscle) or too superficial (skin) 

Caliper jaws not at marked site 

Reading done too early, pinch not maintained, 
caliper handle not fully released 



Arm circumference Tape too thick, stretched or creased 

Wrong arm 1 

j 

Mid-arm point incorrectly located or marked 
Arm not loose by side during measurement 
Examiner not comfortable or level with child 
Tape not around mid-point, too tight, too loose 
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triceps, s ^scapular, and midaxiilary fat/folds; and raid-upper-arm 
circumference . 
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The* arm circumference measurements showed no significant ' differences between 
replicates, but the replicate height data obtained by different technicians 
varied by approximately .5 cm between examinations and the weight data varied 
by about 1 kg. This difference- was not significant for weight, but for 
height the difference was significant at the .05 level of probability. The 
finding is reasonable in light of the protocols used in HES for these two 
measures. Weight measurements were completely automated; the only 
involvement of the technician was to ask the child to get on the scale. 
Height measurements were also recorded mechanically with the Polaroid Camera, 
/but the technician had to position the child properly. The authors note that 
much of the interObserver variance in the height measurement was attributed 
to a difference of 10.3 cm for one child. This large a difference occurred 
despite the rigorous efforts to standardize procedures through training and 
quality control. 

The HES data for replicate fatfold measures give the impression that the 
triceps site is subject to greater error than the subscapular and midaxiilary 
sites. Part of the reason is that the thickness of the triceps fatfold is 
greater than the subscapular and midaxiilary fatfolds. Average values across 
all ages and sexes in Cycle III of HES were 12.25 mm, 9.97 mm, and 9.47! mm 
for the triceps, subscapular and midaxiilary fatfolds respectively. When the 
HES data are corrected for this difference in fatfold thickness, the triceps 
no longer is the least reliable of the three measures. The interobserver 
error for the triceps is com? .rable to that of the subscapular fatfold and 
the intraobserver error is significantly lower. The midaxiilary fatfold has 
the worst reliability of the three measurements. 

Several investigators have found that reliability of fatfold measures 
decreases when -subjects are obese. Rauh and Sc hums Irp ( 1968) found this to be 
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the case in a reliability study of\ triceps fatfold measurements taken on 

I, 130 children aged 6 to 17 in Cincinnati, Ohio. In this study three 
technicians measured fatfolds wit^ Harpenden calipers. A small but 
copsistent difference between e*£rainers was observed that was attributed to 
measurements taken on girls vthose weights were over 72 kg or whose triceps 
fatfolds measured more than \30 mm. In these subjects the fatfold was 
difficult to pick up and the caliper often did not fit the contour of the 
skin. 

The findings on reliability of the triceps fatfold measurements imply that a 
single examiner is always preferable in a longitudinal study, since a single 
observer will obtain more consistent readings for changes over time even 
though the absolute values may not be accurate for the population (NCHS, Ser. 

II, /No. 120, 1972). 

The number of examiners to use in cross^sectional studies measuring the 
triceps fatfold depends on whether the intention is to describe the 
distribution of values in the population or compare values between groups. 
If the purpose is to estimate the population distribution, multiple examiners 
will provide better results, since systematic error will be reduced. If the 
purpose is to compare groups, the study is faced with an irreconcilable 
di Lemma: multiple examiners will increase the variability of the data (thus 
decreasing the likelihood of detecting significant differences), while a 
single observer may measure different kinds of individuals (e.g., obese vs. 
lean) ifi a systematically different way (NCHS, Ser. 11, No. 120, 1972). When 
use of multiple observers is the only feasible alternative, training and 
standardization procedures become extremely important in reducing the 
potential for interobserver error. 
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Disoussion 

ItPhas been shown that one of the greatest weaknesses of anthropometric 
measurements is their unreliability. Even with the precise highly automated 
equipment used in HES, interobserver errors still occurred for height and 
weight. Errors in fat fold measurements are greater than errors in other 
anthropometric measures, especially when subjects are obese, HES data 
indicate that a single examiner is always preferable to multiple examiners in 
longitudinal studies. The number of examiners to use in cross-sectional 
studies depends upon the fatfold site being measured. The triceps fatfold 
presents' an insoluble dilemma, in that a single examiner may introduce 
systematic bias while errors resulting from multiple examiners jeopardize the 
possibility of finding significant differences among groups of subjects. 
Further research is needed to estimate errors in triceps fatfold measurement 
and other indicators, such as arm muscle area, that are derived from triceps 
fatfold values. 

COOPERATION OF SUBJECTS, FEASIBILITY AND COST 

The literature provides very little information about the cooperation of 
subjects and the feasibility arod cost aspects of anthropometric measures. No 
formal studies nave been conducted, but various investigators have- made 
comment;) based on their field experiences (e.g., Habicht et al,, 1979; Garn, 
1979; Zerfas, 79). 

Relative to dletar*y -and^biochemic^l measurements, cooperation of subjects m 
anthropometric measurements is generally high. The measurements can all be 
taken at one time and requirer ^little from the subjects beyond their 
submission to the examination. However, it can be expected that some 
chiyren might refuse a physical examination to determine biological age, 
since the questions and procedures may be embarassing. When proper 
techniques are used, none of the anthropometric measures are painful "or the 
subjects, but the appearance of some instruments, especially fatfold 
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calipers, can be frightening to young children. In the Bogalusa Heart Study, 
procedures and equipment were explained .to the children before taking the 
measurements in order to reduce their apprehension (Berenson, 1980). 

Aside from travel costs, the major costs of conducting anthropometric' 
measurements in the field are due to equipment and personnel. A comparison 
^of the costs of various anthropometric equipment is 'shown* in Table II-6. The' 
selection of equipment ^.nvolves a trade-off between cost and precision. 
Generally, those instruments that are the most precise are also the most 
expensive. The convenience in packing and transporting the equipment, its 
durability, and' requirements for maintenance and calibration are also factors 
to consider. 

Personnel costs are determined by the level of expertise required, the 
training program, and the amount of time.' spent in the field. Skilled 
anthropometrists may be required in studies taking large numbers of 
measurements requiring precise location of sites; however, studies taking 
only a basic set (e.g., height," weight, arm circumference and triceps 
fatfold) can usually get by with less expensive- personnel, provided that 
training is adequate. A typ-cal training period for inexperienced examiners 
is one to two weeks (Z.erfas, personal communication). 



The time spent in the field is a function of the. sample site, the number of 
measurements taken per subject and the amount of travel between sites. Extra 
time is "also added by the procedures for recording and coding data and for 
quality control. Zerfas (1979) estimated that 14 to 19 hours of staff time 
(total) was needed on-site to take anthropometric measurements and other 
tests (not described) on 30 preschool children and their mothers in a recent 
nutritional survey in Africa. 
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Table II-6. Comparative Costs of Anthropometric Equipment 
(Adapted from Zerfas, 1979) 



J 

Relative 



Measurement 



i 



Cost 



Weight 



Height 



High - Toledo with 
automatic 
digital readout 

Other heavy- " 
duty scales, 
e.g., Office 
Detecto 

Medium Salter scale 

Portable 
' Detecto 

Low Bathroom scale 



Stadiometer, 
Custom-made 
board with 
Polaroid 
camera 



Custom-made 
boards 



Graduated 
stick 



Circumference 



Fat fold 



Metal tape 



Fiberglass tape; 
insertion tape 



Precisioh 

calipers, 

e.g. , Harpenden , 

Lange 



Plastic 
anthrogauge 



Cardboard 
anthrogauge 
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Discussrcfc^ 

Most anthropometric measures are feasible in large-scale^ surveys and, 
relative to dietary and biochemical methods, pose few problems of cooperation 
Trom subjects. The costs of anthropometric equipment vary^ with the precision 
of the instruments* Personnel can be inexperienced as long as adequate 
training _and_jquality_ jcpnjb,cpj_p.r^grams are bu ilt into_jthe_sur yey . Field costs 
depend on the sample size and the number of measurements* A basic set of 
height, weight, arm circumference and triceps fatfold data can be obtained in 
15 to 20 minutes per ^subject. 

ANALYSIS OF. ANTHROPOMETRIC DATA • 

Analysis of anthropometric data can have three objectiVes; XD fcresencation 
of the values obtained in the sample, (2) comparison of the sample with a 
reference population, and (3) classification of individuals according to 
nutritional status and/or description of the prevalence of nutritional 
problems in the populati i. , Classification % of nutritional status and 
description of the prevalence of nutritional problems involve comparisons of 
anthropometric values for the sample with appropriate standards defining 
undernutrition (stunting, wasting) and obesity. 

When sample data are compared to distributions in another population, a 
•distinction .aust be made between a reference and a standard (Waterlow et al«, 
1977). -A reference population can be chosen without regard to its 
socioeconomic and genetic characteristics. The major considerations have to 
do with quality of the data collection and analysis procedures and 
presentation. Waterlow et ai. list the following criteria for selecting a 
reference population: 

♦ Measurements should relate to a well-nourished population. 

• The sample should include at least 200 individuals in each age-sex 
group . 
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The sample should be cross-sectional since the comparisons that, will 
be made are of a cr6ss-sectional nature. 

Sampling procedures should be defined and reproducible. 
Measurements should be carefully made and recorded by -observers 
trained in anthropometric techniques using equipment of well-tested 
design and calj-braged at freq uent in>» rV ai 3 



. • The measurements made on the sample, should include all anthropometric 
variables that will be used in the evaluation of nutritional status. 
• The data from which reference grabhs and tables are prepared should 
be available and procedures used for smoothing curves and preparing 
tables shoul'd be adequately described and documented. 

In-contrast, anthropometric data used as standards for . the assessment of 
growth and nutritional status must consider how socioeconomic factors affect 
growth patterns., and whether all child populations, regardless of racial 
background, have the same genetic potential for size and body composition. 
The^ International Union of Nutritional Sciences, meeting in 1971, stated that 
"the -.definition of 'optimum' is clearly complex and difficult*... Each 
country's own standards must be derived from carefully selected samples 
representing children growing in an optimal environment for that' country. 
Genetic and racial factors must be defined and appropriately represented in. 
the sample." The IUNS recommended that the samples selected for. standards 
development should be genetically homogeneous. The first group 'should be 
drawn from the modern elite-in most countries these are the urban educated 
professionals or managerial people. If possible, a second' group from the 
same- ethnic stock who are exposed to deprived economic circumstances should 
also be Included. In all cases, no individual should be included whose age 
cannot be verified through birth certificates or other documents. When" 
developing cross-sectional standards for persons from birth through age 20, 
approximately 13 percent of the sample should consist of children up to \ 
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year old, 5 percent should be from -7 to 8 years old, and 10 percent should be 
around- peak growth velocity. (Ealkner et al., 1972). 

\ . ' ' 0 

D ata-Presentation f 

The presentation of weight and height data for children must be shovcn 
seconding to age, since both of these measures are age-dependent. 
Weight-for-height is nearly independent of age for children 1 to 10 years 
Old; therefore, ages are hot necessary for the data presentation. However, 
It * is customary tc^ sfrow weight-for-height values according to age for groupk 
of children. In adolescence, Weight-for-height measurements are influenced 
by the timing of the growth ^purt. making the measure difficult to interpret 
without data otf both chronological and biological age. 

The. -mid-upper-arm circumference and triceps, fatfold values ar£ also generally 
iShdwn .according^ to age. although some authors (Jelliffe and Jelliffe, 1971; 
.Frisancho, 1974) . have , indicated , that mid-upper-arm circumference is 

relatively age-independent. 

< 

.Water low et al. (1977) recommend that height and weight data should be shown 
for one-year intervals during the school-age years if at least 100 subjects 
in eabh age interval are available. If this -is ,not \the case, two-year 
intervals are* recommended. Wider age groupings are permissible when the 
sample- size ^is small, but they*, will have J limited value in detecting 
differences in growth patterns. The age- intervals should be divided so that 
a designated age (e.g., six years) represents the full-year age span (i.e., 
6 f 0'to 6.99 years). All data in HES and HANES follow this format. In these 
surveys, age is defined as this age attained at the child's last birthday. 
The same procedures are", followed for presentation of fatfold and arm 
circumference data. Since boys and girls enter the growth spurt at different 
times, and since they show true differences in body composition that are not 
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simply due to differences in body size, all anthropometric data should be 
'reported separately by sex. .' . \ 



r 



There is some controversy whether separate presentations oughY to be made 
' according to race or ethnic background.",. Unless^ the sample is intentionally 
^ stratified by race, sufficient numbers of subjects may not be available to 
represent "the various racial subgroups in the population. However, several 
investigators have shown differences in height, weight, fat fold and\rm 
circumference data according to race that may not be accounted for b; 
differences in nutritional status. This subject is discussed 'more fully in 
the section on anthropometric standards. ' • 

The -distribution of anthropometric values for various age-sex j group's* in the 
sample can be presented in tables or graphs. All anthropometric data show a 
marked^ skewness. Consequently, the median rather than the mean is a more 
appropriate measure of ' central tendency. * Centile values should be used to 
show the distribution. , Typically these are in deciles or quartiles for the. 
sample population. The skewness makes calculation of the standarc deviations , 
.inappropriate, but Waterlpw et al. (1977) show . how standard deviation scores 
can be computed based on median values of a reference population. - • 

Reference Data 

A number of, studies provide data that meet most of the criteria given by 
Waterlow et al. for a reference population. All of the national surveys of 
nutritional status, in the -United States (i.e., HES, HANES and Ten State) 
would qualify! HES and HANES also have the advantage of being national 
probability samples and represent the' largest body of anthropometric data 
ever assembled on children* in the United '"States (NCHS, Ser. 11, No. 165, 
1977). Height, weight, and fatfoid values for the triceps, subscapular and 
midaxillary sites for the 5th, 10th, 25th, 50th, 75th, 90th and 95th 
percentiles are available for children 6 to 1 1 years old from Cycle II of HES 
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(NCHS, Ser. 11, No- 101,. 1970; NCHS' Ser. 11, No. 120, 1972). These values, 
plus the suprailiac and medial calf fatfolds, are available for children 12 
to 17 years from Cycle III of HES (NCHS, Ser. 11, No. 124, 1973; NCHS, Ser. 
11, No. 132, 1971). In addition, - tables of the percentile ' values for 
mid-upper-arm circumference and arm muscle area for children 6 to 1 1 years 
old are available from HES, Cycle II' (NCHS, Ser. 11, No. 123, 1973) . 

Data from the Ten State Nutrition Study have been published by Frisancho 
(1974-). Values for the 5th, 15th, 50th, 85th and 95th percentiles for arm 
circumference, ^riceps fat fold, arm muscle diameter, arm muscle circumference 
and arm muscle area are given, using data from white subjects only. The age 
intervals used by Frisancho span the mid-point of each year; for example, age 
six years covers the intervai' 4 5«5 to 6.U years.. ■* 

"Besides these national surveys, several other surveys can be a source of 
reference data. For example, Tanner and Whitehov^se 1 (1962) have published 
triceps fatfold-for-age for British children. Tanner (1976) .has ,also 
"published mid-arm circumf erences-for-age. These two data sets combined with 
arm-circumference-for-height from the Ten State Nutrition Survey are 
available on computer tapes from the U.S. Center for Disease Control. 

Separate triceps fatfold data for black and white children aged. 6 to % 13 years 

* ~ • " ^ L J 

in a .sample of 1,092 subjects fr.om Philadelphia have been published by Malina 
(1966). Similar data for the triceps fatf^JLds of black and white children 
aged 2 to 15 in the Bogalusa Heart Study- have* been published by Berenson 
(1980). These dat 4 a -are presented as smoothed" curves for the 5th, 10th, 25th, 
50th, 75th and 90th percentiles. 

i 

Recently, Zavaleta and Malina (1980) have published height, weight, triceps 
fatfold and mid-upper-arm circumference values for Spanish-surnamed children 
of Mexican descent. The sample consisted of 1,269 children aged 6 to 1 7 
years from Brownsville, Texas. 
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Anthropometric Standards 

« 

There are relatively few data sets that meet the criteria set by the IUNS .for 
growth and tody composition standards. Currently, the only generally agreed- 
upon standards for use in "the United States are 'the growth curves constructed 
for height and weight by NCHS {NCHS, Ser. 11, No. 165, 1977). These curves 
.were first . published in 197-4. They are derived from- the height and weight 
data collected in HANES and Cycles II and III of HES, and from data collected 
by the Fels Research Institute in Ohio. The Fels data were used to construct 
curves for children 0 to 36 months. The curves for children. 2 to 18 years of 
age were constructed from the NCHS data. They consist of separate weighfc- 
for-age, height-for-age, and weight-for-height charts for girls and boys. 
Weight-for-age, and height-for-age. cover ..the entire 2.-to-l8-year age range. 
.The ; weight-for-height charts are age-independent, but can be used only for 
.prepubespent boys and girls. NCHS estimates that 'this includes girls up to 
10 years old and boys up to 1^-1/2. years old; however, regardless of 
chronological' age, the" weight-for-height char.ts should, not be usod if the 
.child -shows any signs of N ' sexual maturity (Hamill, \ 1979). No 
weight-for-height charts .were constructed for older children because the 
variability 'of timing in the ; adolescent growth, spurt makes it impossible to 
.consider weight-for-height -independent of chronological and biological age. 

The .growth charts give' heights- (cm) and weights (kg) at the 5th, 10th, 25th, 
50thy 75th, 90th and 95th percentiles for age in each sex. Lines were drawn 
to connect the. 'centile values at each age to form percentile curves. The 
curves were smoothed using a computer program developed by de Boor and Rice 
(the least squares cubic splihing technique). Generation of equations and 
plotting of the curves may be duplicated on any large digital computer with a 
plotting capability (NCHS, Ser. 11, No. 165, 1977). * 

The NCHS growth charts can be used as standards for the assessment of 
nutritional status and to compare groups of children with each o^her (Hamill 
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et al., 1979). The .curves are derived from national probability samples of 
non-institutionalized U.S. children enjoying the highest standard of living 
anywhere in the world. A trend towards increasing body size has been noted 
for many countries in the Western world. From- comparisons of data collected 
in Cycles II and III of HES with HANES data collected almost tei\years later, 
NCHS concludes that the trend, in growth ceased to be of sufficienfcNjnagnitude 
in the raid 1950s to affect height-for-age data across most socioeconomic 
levels of. American population. Consequently, the NCHS curves can be taken as 
achievement of full genetic potential by the well nourished^ children in the 
population. M 

There is some controversy in the literature about whether the NCHS growth 
standards can be applied to non-white children. Since HES and HANES included 
non-white as well as white children in the sample, a national conference 
sponsored by the National Institute of Child . Health and Human ' Development 
concluded that "the use of one standard in the United States for height and 
weight is unlikely tp cause serious errors 11 (Roche 4 McKigney, 1 976)\ Tanner 
0976); also believes that "the same standards can be used ..for white and black 
children in the United States, but questions m their? appropriateness f<^r 
Asian-Americans. Black and white children, according to' Tanner, have similar 
genetic potentials for height given adequate nutrition, but Asians have 
different growth patterns, especially in adolescence. 

Gam (1979) maintains that there is a need for separate standards according 
to, race on the grounds that leg length contributes different proportions to 
the total height of whites, blacks and Mexican-Amenicans. Roche and McKigney 
(1976) cite Nichaman's opinion that it is inappropriate to use the same 
weight/height index for all ethnic groups because of this difference in leg 
length. Zavaleta and Malina (1980) also argue in favor of separate standards 
for Mexican-Americans. 
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This controversy will be solved only* by continued research on differences in- 
body confirmation among racial-ethnic groups. .Meanwhile, the argument is 
largely academic, because separate standards .for specific groups do not 
^ currently exist. A conservative 'approach* to data analysis, in light of the 
.controversy, is to analyze anthropometric data separately by race. If the 
sample size is not large enough to permit separation, the effects of race on 
the distribution of anthropometric values should be controlled in statistical V 
analysis. 

Most authorities (e.g., Fomon, 1977; Waterlow et al.', 1977; Nichaman & Lane, 
1979) recommend that the NCHS growth charts should replace all standards 
previously used for height and weight. Prior to 1974 the standards most 
often used to evaluate- height and weight of children in the United States 

. were: the "Iowa" standards published by Stuart and Meredith (1946). These 
standards consist of curves for the 10th, 25th, 50th, ' 75th ' and 90th, 
percentiles- for boys and girls aged 4 to *J8 years. For each age and sex 

^pedp approximately 100 to 200 children we're measured. The children all . \ 
atj^pded the University of Iowa Laboratory schools between 1930, and 1945. 
Over 90 percent were' of northwest European ancestry and -their parents were 

- almost exclusively American-born.. Approximately 40 percent of the fathers 
were professional men and 35 -percent came from business or management 
occupations (Martin, 1954). The Stuart-Me-edith growth charts met most of 
the criteria for standards and were appropriate for social and environmental 
conditions at the time they were developed. However, they covered a limited 
genetic- pool of American, children and were developed prior to the cessation ' 
of the growth trend. . 

In addition to the Iowa standards, several other growth charts are available 
and have been used as standards in studies conducted prior to 1974. These 
include the Boston or Harvard Growth Charts and\the Wetzel Grid. 
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The Boston Growth Charts are similar in form to the Iowa standards. They 
were developed by Stuart et al. of the* Harvard School of Public Health. The 
charts show percentile curves for length, height and weight for boys and 
girls. Length charts are for children 2 to 6 years of age; height charts are 
s for childreh/6 to 13 years and weight charts span the 2-to-13-year age 
range. Th^jjUrves are drawn for the 3rd. 10th, 25th, 50th, 75th, 90th and 
97th percentiles. They were derived from repeated measurements at selected 
ages on a group of more than 100 white boys and 100 white girls of North 
European ancestry "living under normal conditions of health and heme life" in 
Boston, Massachusetts, in the 1940s (Stuart & Stevenson, 195*0. Similar 
procedures were, followed to construct weight, length, and head circumference 
charts for infants from birth to 28 months of age. 

The rfetzel Grid^was originally developed in 194 U , Thj* grid consists of three 
interconnected panels which locate a child with $§Spect to body build 
(heavy-stocky to thin-alight), developmental J.evsl for age (high to low), and 
energy needs. These determinations are made by plotting the child's weight 
on a vertical scale and the child's height on a horizontal scale*. The grid 
Was originally developed by Wetzel from his clinical examinations of 
school-age children in Cincinnati, Ohio. Another grid was later developed 
for infants. 4 

The Wetzel grid has been used most extensively in clinics to track the 
developmental progress of children and .to identify individuals needing 
medical attention. It has not been popular in surveys because it is 
complicated for untrained personnel to use (Martin, 1954). 

Presently, there are no standards for body composition in children. None of 
the data on body composition measures (i.e., fat fold and circumference 
measures) mentioned in the previous section can be strictly considered as 
standards. Currently, a Task Force convened by NCHS is developing curves for 
triceps and subscapular fatfolds ancf mid-upper-arm circumferences. These 
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curves are . scheduled for preliminary publication in 1981 (NCHS, personal 
communication), in the absence of more suitable standards, three sets of 
data have been variously use.d: (1) the percentile distributions from HES; 
. (2) the Center for Diseaee Control's compilation of data from the Ten State 
\ Survey, Tanner, and Tanner and Whitehouse; and (3) Frisancho's da ta^ from the 
• Terr State .Survey . 

All body composition .data derived ' from population distributions "have 'an 
inherent problem. Values obtained from surveys may accurately reflect the 
distribution of adipose versus lean body tissue, but in view of the trend 
towards obesity in the United States, this distribution may not be "optimum*' 
for health. Currently, there are "no standards for judging "optimum" fatfold 
values or any of the indices derived from fatfolds (such as percent body fat) 
.in children: Until these indices are correlated with ' health status, all 
interpretations of body composition standards are somewhat arbitrary. 

Assessment of Nutritional' S tahns 

The nutritional status of an individual or a population, using anthropometric 
data is assessed in relation to' appropriate standards. The comparisons can 
,be made in various ways. As noted in a previous section, the relative weight 
of an individual can be expressed as a percent of the median value for that 
person's age and sex. SimSfcrr values for a population can be derived ..by 
^taking the median value of the sample as a percent of ohe median in the 
standard population. Relative indices of this kind can, also be calculated 
for. height, fatfold values, and arm circumference. Jelliffe (1966) has 
proposed that individual measurements between 70 and - 90 percent of the 
standards be considered evidence of moderate undernutrition, and measurements 
below 70 percent be considered evidence of severe undernutrition. A rule of 
thumb frequently used for obesity is 120 percent of the median 
weight- for-age. Gray and Kulhanek-Gray (1 9 80) have shown tha^this approach 
results in the misclassification of subjects with specific nutritional 
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problems. They contend thai, comparison of an individual's measurements with 
percentile values from the 'standard population is a more acetate means of 
identifying nutritional problems. 

When compared with NCHS growth standards, measurements between the 25th and 
75tn^*percentiles in h2ight-for-age, weight-for-age, and weight-for-height are 
likely' to represent "normal growth for an individual child (Hamill et al., 
1979). In a longitudinal study ^crossing -percentiles within this range is 
not atypical unless a downward deviation is progressive before pubescence . 
Measurements. between the 10th and 25th and the 75th and 90th percentiles may 
or may not bp/ indications of problems, depending on the pattern of earlier 



growth apa on genetic ^and environmental factors. Values above the 90th and 
under .the 10th percentile constitute nu trigonal risk, with t.he greatest risk 
.accorded to the most 'extreme values (i.e., under the 5th percentile and over 
the 95tH percentile).' 

\ 

* • , * \ 

The interpretation of weight-for-age as a measure ot obesity or leanness is 

... - A ■ k I 

less accurate than,**weight-for-height. Greater precision is afforded when 

weightrfor-height is combined with l^tfold measurements. The 85th percentile 

is usually Chosen as an arbitrary cutoff point for the definition of obesity 

uding „the. triceps -fatf old (Seltzer & Mayer, 19#7). Since tables on triceps 

fatfold froii HES do not show the 85th percentile, the 90th percentile has 

also been used as the cutoff point (Zavaleta 4 Malina, 1980). 



Discussion 

Presentation and jinterpretation of anthropometric data depend upon which of 
three jp^ential objectives is emphasized in analysis: (1) presentation of 
sample distribution^, (2) comparison of the sample to a reference population, 
and (3) evaluation of growth and nutritional status. The last two objectives 
require *that distinctions be made between a reference and a standard, where 
Standard implies the achievement of optimum growth. 
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A number of data sets meet criteria for a reference population but, in the 
United 'States, only the growth curves for height and weight developed by NCHS 
can truly be considered as standards. Cutoff points recommended for judging 
the risk of under- or overnutrition for individuals and groups are below the 
10th percentile and over the 90th percentile, respectively {NCHS, b^c. 11, 
No. 165, 1977). ~ :j 

No generally recognized standards* using .fatfold measurements to judge obesity 
are currently available, but several different sets of reference 'data can be 
used for comparative purposes. These data represent population distributions 
but they may not define optimum nutritional .status in relation to health. 

CONCLUSIONS »•' ... 

~ , • '• 

. Anthropometric measures include measurements or total body length (height), 
the length of body 'segments, weight, .circumferences and the thickness of 

•-^subcutaneous fat measured at various site.;. These measures, expressed in 
relation to age or as various ratios and indices, are used tq^assess growth 

- and development as reflected' by body 'size and body composition. No single 
category of measurements (i.if, lengths, weight, circumferences or 
thicknesses) captures all aspects of growth or development. Therefore, a 
combination of measures from, .each category is typically used in nutrition 

^Grveys. At ; ;|he 1968 White House.. Conference on Food Nutrition and Health, 
measurement^ height, weight, arm circumference and triceps fatfold were 
recommended *3T or use in evaluations? of children- through the period of 
•adolescence (Christa'kis, 1973). Cameron (1978), Jelliffe (1966), Buzina and 
^ruma (197M), Fomon (1977), and Garn (197.9) are among those who support 
these recommendations, although there, is more consensus about height and 
weight than there is about circumferences and fatfold measures (Waterlow et 
al., 1977). 
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In comparison with dietary and biochemical measures of. nutritional status, 
cooperation of subjects poses little problem for measurements of height, 
weight, circumference and fatfolds using calipers. The major problem in 
obtaining measurements is In setting up equipment in the field and gaining 
cooperation when it is necessary for subjects to undress. However, this has 
been accomplished successfully in several large-scale studies in the United 
States (e.g., HES, Cycles II and III, HANES). * • 

Reliability problems plague all of the anthropometric measures to some 
^extent. Evaluations of reliability assume that protocols for training, data 
collection and quality control, such as those .described in previous sections 
of this chapter, are implemented. Yet even with these attempts at 
standardization, considerable measurement error can occur. Intraindividual 
variation can also affect the ^reliability of some anthropometric measures. 

Height is subject to some intraindividual variation according to the time of 
day when measurements are taken and whether subjects' are standing or 
recumbent. Variation in weight measurements can 9lso be considerable, 
depending on the subj^ct^s state of 'hydration and contents of the bladder and 
'gastrointestinal tract. Zerfas (1979) claims that "weight is subject to more 
intraindividual variation thjan other anthropometric measures. . 

The intraindividual variation in fatfold measures using calipers is 
attributed to differences in fatfold thickness and compressibility at 
different sites on the body. These factors have less significance' when 
repeated measures are taken qn the same individual at any given site, such as 
the triceps fatfold. In this case, the major component of unreliability is 
measurement error.- 

The arm circumference measurement itself has little intraindividual 
variation; however, measures such as arm muscle circumference and arm muscle 
area, which are derived from mid-upper-arm circumference and biceps fatfold 
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measures, will show intra individual variation and measurement error to th<> 
extent that the triceps measure is affected by these factors. 

Measurement error in anthropometry is, partitioned into errors caused by 
imprecision of the instruments, interobserver differences and intraobserver 
•differences. For most equipment recommended in field surveys, errors of 
measurement due to imprecision are slight, especially when protocols call for 
frequent calibration. "Most of the error is due to interobserver and 
intraobserver differences. ■ Fatfold measurements using calipers are subject 
to greater observer error than the other categories of, anthropometric 
measures. Errors in fatfold measurements' are particularly high when subjects 
are obese. However, ulf asound , -which is the only acceptable alternative for 
large field studies, also shows high rates of observer" error. Longitudinal 
studies should attempt to reduce interobserver " error by - using the sari^e 
examiner throughout. If multiple teams of examiners -must be used- in 
cross-sectional studies, an attempt should be " made to measure the extentTo 
which both inter- and intraobserver error occurs" by- conducting reliability 
substudies. 



The cost of anthropometric methods depends .upon the size of the survey, the 
p ecision of equipment, and the expertise" 2 of - personnel. -Very precise 
automatic scales and. height instruments such as those used in HES and HANES 
are expensive and, depending on the survey budget, may not be affordable if 
numerous ^data collection teams are required. Less expensive scales and 
custom-made height boards have godTprecision, but "the use of multiple teams 
increases training costs. .The need for skilled personnel and specialized 
equipment for radiography and ultrasound make these two techniques the most 
■expensive of all of- the anthropometric methods. 

Although cooperation of subjects, reliability, and cost are important 
criteria to consider when using the various anthropometric measures, perhaps 
.none of these criteria is as critical 'to the selection process as the 
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validity of the various measures and their derived ratios and indices for 
determining growth and nutritional status. Table II- 7 summarizes major 
strengths and weaknesses that affect the validity of height, weight, triceps 
fatfold and mid-upper-arm circumference measures. 

The major limitation of the height measurement is that a ^number of 
non-nutritional factors affect it. Of these, parental height and racial 
background are potentially the most confounding factors. These factors must 
be considered in any explanation of differences in height discovered among 
groups of Children. 

The variability of the growth spurt in adolescents complicates the 
interpretation of both height and weight data on individual children. In 
both longitudinal and cross-sectional surveys, girls over 10 years old and 
boys over 11-1/2 years old cannot be accurately evaluated without diata on 
biological as well as chronological age. Without such data - it is 
inappropriate to .classify children who lag behind their peers as 
undernourished. \ 

The major limitation of weight is that the components of weight are not 
separated into skeletal, muscle and fat tissue. Therefore obesity ^ which is 
defined as an excess of body fat,, cannot be determined; Jrotn the weight 
measurement alone. Expression of weight in relation to height compensates 
for this deficiency to some extent, but. .it still does not differentiate 
muscle from fat. However, a weight-for-height measurement does have the 
advantage of being independent of* age in prepubescent children. 

Of the po.ssible ratios of height and weight that have been constructed for 
obesity, the modified . ponderal index (WT/HT^) appears to be the most valid 
Yor school-age children (Frerichs et al., 1979); however, none of the ratios 
predicts overall body fat as well as fatfold measurements. Since the most 
valid index may vary according to the population studied, it is recommended 
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Table II-7. Strengths and Weaknesses Contributing to the 
Validity of Anthropometric Measures 



Measure 



Height 



Weight 



Triceps 
fatfold 



Mid-upper-arm 
circumference 
(arm muscle I 
circumference 
and arm 
muscla area) 



Strengths 



• Cumulative long-term measure 
of protein-calorie nutrition 

Sensitive to nutritional intervention 

• U.S. standards available for 
data interpretation \ 

• Cumulative measure of sufficiency of 
caloric intake in relation to energy 
requirements 

• U.S. standards available for 
data interpretation 



• Cumulative measure of pbesity 



Weaknesses 



Affected by non-nutritional ^factors 



^ 



• Sensitive to "preadolescent 
fat wave" in males 

• Is a better predictor than subscapular 
site pf total body fat in obese subjects 



• Cumulative measure of muscle size and 
protein reserves 

• Positively correlated with muscle 
strength 

• , Sensitive to nutritional intervention 



• —Difficult to interpret^ for individuals with- 
out data on biological age during adolescence 

• May be real differences* in growth potential 
among racial -groups 

• Does not separate weight due to skeletal, 
muscle and fat tissue 

• Is only sensitive to nutrition intervention 
in large groups of subjects 

• Shows even greater variability during 
adolescence than height 

• Underestimates subcutaneous fat layer 
because- of - compressibility 

• Is nob the "best" single prediction of 
total body fat in normai weight subjects « 

• No U.S. standards currently available 

• May be real differences in fat distribution 
• among racial groups 

• Overestimates muscle siz<* in relation to 
fat when used with triceps fatfold 

• Does not account for different sizes of 
humeri 

• Assumes arm is cylindrical in shape 
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that weight-for-height indices should be empirically tested on_the^ samfi^JLn 
question (DuRant & Under, 1981). 

Fatfold measij^nents are better predictors of overall bocfy fat than height 
and weight alone, but the best prediction occurs when all three types of 
measurements are used. If the absolute amount of fat',weight instead of the 
relative amount (i.e., percent body, fat) is" of interest, the fatfold 
measurements should be converted to fat. areas (Himes et al., 1980). It is 
probably unwise to use^ predictive equations for percent body fat or fat 
weight that are derived from measurements made on a non-representative sample 

of children. % J 

i 

• # 

No single fatfold' measurement is consistently the "best" predictor of body 
fat. In surveys, the triceps fatfold is usually measured. The triceps 
fatfoi<| is the best predictor of percent body fat .in, obese sub jects^ (Seltzer 
£ .Mayer, 1967)- In addition, the triceps^ measure can usually be taken 
without asking .subjects to undress. % % 

Midrupper-arm circumference JLs of interest because it can be used with the 
^triceps fatfold to obtain ^n indication of arm muscle circumference and arm 
musclejarea. Both of these indices: are limited by the errors resulting from, 
coripr^ and differences in the shape of the 

arm^ arid thickness of the arm bone. A further limitation of . both the; triceps 
fatfold .and* the arm bircumference measures is that while several sets of 
reference .data are available, none of these data sets can be considered as 
•standards. Without suppprtive data, triceps fatfold and arm circumference 
measures cannot be used to classify the nutritional status of individuals, 
but they can be used to compare distributions among groups. 

In summary, the studies reviewed in this section support recommendations that 
height, weigtft, *arm circumference and triceps fatfold measures be used to 
evaluate the growth and development of school-age children. These measures 
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arrt-tjhe rat!os~~and indices that can be derived from them are the best means 
available at the present time to evaluate the sufficiency of protein and 
calorie, intake of children; s on a cumulative, long-term basis. Nevertheless, 
-each "measure is subject to limitations that affect the interpretation of 
anthropometric data from both cross-sectional and longitudinal studies. 
Investigators must therefore take^ precautions in the sample design, data 
collection, training, quality control and data analysis to maximize the 
reliability and validity of results. 

RECOMMENDATIONS 

The review of literature indicates that no single method can give a complete 
picture of the nutritional status of children. A combination of different 
methods must be used, depending oh the objectives- of the study. The 
evaluation of school nutrition programs is not meant to be an assessment of 
nutritional status . per ,se ; ratner, it is ' an assessment of the potential 
impacts of programs on/the nutritional 'status of participants. Furthermore, 
.for most . Ameriean^^2^i^_the^ various programs do not ser r? as 
interventions to correct prior nutritional deficiencies. , They are designed 
to fulfill; a broader mandate to "safeguard the health of school children." 
The selection of methods for the nutritional -assessment of program impacts 
should be guided by results of prior studies and should be based on an 
estimate /0 ,f the parameters that are most likely to show the benefits of 
program;>participation, given certain feasibility and cost constraints. 



In light of these facts, it is concluded that, dietary methods offer the best 
possibility of determining program impacts in a cross-sectional study. The 
'24-hour recall is* the method of choice-. The contribution of school meals to 
the 24-hoiir intake of participants can be examined and comparisons of average 
daily' intakes of nutrients can be made between participants, and 
nonparticipants of the various, programs on the day of the recall. The 
24-hour, recall can also supply information about food consumption patterns to 



397 



4 

assess intakes of foods containing fiber, Tat, cholesterol/ sugar and salt 

that are known or are suspected to us related tc specific health problems, 

» \ 

-Dietary assessments can a^so be included in longitudinal studies. If the 
objective is to classify the intake of indiviausi.. and monitor changes over 
time, the dietary history method should be used, since it provides a more 
valid picture of usual habits. Attempts to determine che adequacy of dietary 
intake for individuals should be accompanied by clinical, anthropometric and 
biochemical data. 

Theso dietary assessments are recommended because, from the viewpoint, of 
prevention, they represent the. strongest evidence that the school nutrition 
programs are targq^ed to the nutritional needs of children and provide the 
quality and quantity of foods that "safeguard" school chj^ldrer^s health. 

Anthropometric measurements should also N be included in studies of school 
nutritidh impacts. While these measures are affected by factors other than 
nutrition, tfiey are sensitive to both nutritional deprivation and excess and 
probably constitute the best available overall index of long-term nutritional 
status. Examination r of anthropometric measures can therefore provide 
indications of the benefits of long-term participation in school nutrition 
programs that cannot be obtained merely by looking at 24-hour dietary intake • 

In longitudinal studies, anthropometric measures can monitor changes in 
growth or development that result from program participation. However, 
unless the subjects are malnourished at the onset of the study, it may not be 
reasonable to expect changes beyond those that would normally occur over the 
time span of the study. Prior growth histories of the children would be 
needed to make this determination. Also, if the study includes adolescent 
subjects, examinations should be performed to determine biological age. 
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mochemidarmethbds "have less "to offer in terms of demonstrating program 
impacts in cross-sectional studies. Iron deficiency is believed to be a 
common problem in the school-age population, but previous studies using 
hemoglobin or hematocrit measures have failed to demonstrate effects of 
program participation on iron status. Serum ferritin is a more sensitive- 
measure, but the likelihood of showing program impacts using this measure 
must be balanced against the. costs of blood sample collection and analysis as 
well as the possibility that school districts or parents may refuse to give 
permission for the- children to participate. 

Studies reviewed in Chapter III suggest that deficiencies of nutrients such 
as vitamin A and zinc may affect some subgroups of school-age children;, 
however, the added costs of conducting biochemical _tests_o f these nutnients 
_in_„a -cross-sectional survey ~&3 . not Justified.- " The prevalence' of 
deficiencios is too low 'in the general population to expect that, differences 
could be ascribed to program participation^ The fact that some tests reflect 
short-term dietary intake while other tests retlect more long-term status' 
adds to the problem of interpreting results. • 

Biochemical methods / could be used effectively in longitudinal studies. *If 
the design is a prospective intervention trial, biochemical tests would be 
the most sensitive of all nutritional assessment methods to identify children 
at nutritional' risk who -'potentially could benefit from participating in 
school nutrition programs. -However, in " this case ' there would be strong 
ethical pressures against withholding medical treatment to children with the 
diagnosed nutritional deficiencies/ Consequently, it would be difficult to 
obtain an unconfounded biochemical measure of program effects at the end of 
the study. • 
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SUMMARY OF CHAPTER III 
THE NUTRITIONAL STATUS OF SCHOOL-AGE CHILDREN 



This ''chapter summarizes the literature oh the nutritional status of 
school-age children in the United States. It is limited to relevant 
large-scale national surveys and to selected local studies in which 
nutritional /status was evaluated in terms ofv 'dietary, biochemical, 



anthropometric, and clinical findings-. 



Symptoms and -signs of classicial nutritional deficiency diseases are not 
common among school-age children in the United States'. J^utrition in this 
country 



_eorfrists largely— of— -subclinical nutrient deficiencies 



or 

over-nutrition, with consequences evident only in long-term impairments to the 
health status of the population,' as. in. the increased prevalence of 
nutrition-related chronic, diseases such, as cancer, diabetes and- 
cardiovascular disease. < 



In order to identify ^the extent of malnutrition among school-age children in 
,the-Uhited- States, several questions, have guided the literature review and 
have structured the . presentation of our findings. , The major -question which 
this review addresses is the following: 



WHAT NUTRITIONAL PROBLE MS ARE AMONG SCHOOL- AGE CHILDREN , 

AND BOW AR B THESE PROBLEMS RELATED TO DEMOGRAPHIC 
. AND SOCIOECONOMIC CHARACTERISTICS? 



To answer this question, several subquestiohs were composed, and the' 
literature pertinent to each was reviewed. The subquestions and the major 
findings of our review are summarized below. 



'ERIC 
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A. What Dietary Deficiencies and/or Excesses of Nutrients end Other Dietary 
Constituents Have Been Identified as Nutritional Problems of School-Age 
Children? ' 

Large proportions of children in certain subgroups have dietary intakes of 
nutrients that fall beloy standards. In the absence of biochemical and/or 
ciinibal symptoms, the significance of such dietary deficiencies is difficult 
to judge; however, for purposes .of health promotion it can be said that 
children, would be better off if; their nutrient intakes were improved. 
Nutrients that^frre most often found to be deficient include iron, calcium, 
yitamih A, and vitamin C. Limited data also suggest that nutrients for which 
Recommended .Dietary Allowances have been established in more recent years 
should receive attention in future studies. The Nationwide Food Consumption 
Survey (USDA, SEA, 1980) Shows that relatively large 'numbers *8f children, 
particularly adolescent females, fall short of dietary standards* for vitamin 
Bg and' magnesium. Other local surveys have shown that intakes of folic 
acid *and trace minerals such as copper and zinc are low in some school-age 
groups CGreger et al., 1978). 

Nutrient intakes of most children are associated with socioeconomic status. 
-AIL of the* national surveys ancf most of the local studies found that greater 
proportions of low-income children fail to meet dietary standards than 
children from upper income groups. These deficiencies are usually related to 
differences in the total calorie-value of the diet, indicating that an 
inadequate quantity of food rather than poor food choices is the reason why 
low-income children consume fewer nutrients. 

Racial differences have also been discovered. For example, black children 
typically consume less calcium (Abraham et al., 197*0 and riboflavin (Lee, 
1978; Lopez et aiV, 1 980) than white chrJg|ren. Differences in milk 
consumption may be related to these patterns CLopez et al., 1980). 
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Not manjr studies have measured the dietary intake of fat, cholesterol, sugar 
and salt in children's diets. These dietary constituents are of interest 
because excessive intakes are 'thought to be related to the onset of diseases 
such as h irt disease, diabetes and cancer. The National Food Consumption 
Survey found that while fat intakes of children have decreased in recent 
^ years, fat still constitutes 37 to HO percent of total calories. This level 
4s higher than the 35 percent recommended by some authorities (National 
.Research Council, 1980). 

•V ' • ' 

Children are large consumers of foods that contain high amounts of sugar and 
salt. \HANES, the National Food Consumption Survey, and several of the local 
\tudies \ found that large, proportions of children consume soft drinks, 
desserts and salty snack foods on a daily basis. 

Food consumption patterns of children Have also been shown to contribute to 
obesity. One ^study found a relationship between caloric intake and the 
frequency of eating during the day (Frank et al., 1978). In this study, 
chi: dren were found to consume approximately one-third of their daily energy 
in between-meal snacks. This suggests that snacking_ habits of 'children may 
be as important a cause of obesity as food consumed at, regular meals. 
However, it also appears that meal skipping i* common, especially among 
female adolescents (USDA, 1980). 

B ' What Nutrition-Rela ted . Conditions Have Been Identified by Biochemical 

Technique s as Potential Probl^s for School-Acre Children? ? 
Iron deficiency anemia is considered to be a prevalent nutritional problem of 
children in the Uniteri States. x In the Ten State Nutrition Survey and HANES 
the highest prevalence of low hemoglobin values was found among low-income 
blacks. Older cjjjj^rgrj were generally found to have a higher prevalence of 
low. hemoglobin values. "According to Dallman et al. (1978), the prevalence of 
iron deficiency anemia in black children may be over-estimated by as much as 



10 percent because ' black individuals generally have lower hemoglobin levels 
than whites regardless of socioeconomic status. 

Other measures such as serum iron, transferrin saturation and serum ferritin 
give a better picture of iron status. No school-aged population in HANES had 
a prevalence of low serum iron Values greater than 5 percent. The highest 
prevalence of 'low transferrirj/ saturation among 6 to 11 year olds was 17.7 
percent among low-income whites. In children aged 11 to J7 years,' the 
highest j prevalence of' low transferrin saturation -was 12.5 percent in 
. low- income , blacks. Females had a higher prevalence of low values than 
males. Serum ferritin was not measured in either the Ten State Survey or 
HANES. 

These data lead to the conclusion that while the exact prevalence of anemia 
may be difficult to estimate, significant numbers of school-age children have 
low iron .stores as evidenced by low transferrin saturation. Female 
^adolescents constitute the group at greatest risk. 

Deficiencies of other nutrients based^ on biochemical measurements have been 
noted in selected subgroups. For example, low serum vitamin A has been 
observed among low-income Mexican-American children (Ten State Nutrition 
Survey; Larson et al., 197*0. The Ten State Survey and two smaller studies 
(Lee, 1978; Prothro et alL, "1976) found that more black children had low 
serum vitamin A levels than whites. 

Low-income children, especially Hispanics and blacks j^^ay .also be in poor 
riboflavin status. Low riboflavin values were i found \n 32 percent of 
0 children from low-income states in the Ten State Survey and 10 to 34 percent 
in two samples df low-income children in New York City (Lopez et al., ^ 1 975 ; 
1980). These findings are difficult to understand in view of the fact that 
riboflavin intakes of low-income children are generally at or above standards 
in most of the f surveys. -* * 
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Serum cholesterol values are of interest because high levels in adulthood 
constitute a risk factor for cardiovascular disease. Most surveys, including 
the Health and Nutrition Examination Survey, have found, that average values 
among school-age children- are within normal limits. However, some studies 
*$fave found that 15 percent or more children have serum cholesterol levels 
greater than 200 mg/d1 (Hodges 4 Krehl, 1965; Christakis et al., 1967). In 
most studies, black children are found to have higher levels than § whites 
(e.g., Frerichs et al., 1 977; Lee, 1978). 

Other nutpients have not been studied extensively ' by biochemical means. 
Limited information suggests that folic acid (Van de Mark & Wright, 1972) and 
vitamin B & (Kirksey, et, al. , 1978) may be problems for adolescent females. 
Not enough is known about trace 'minerals such as copper and zinc to draw 
conclusions about their status in school-age children. 

c - what Grc wth and 'Development Problems Have Been Identified by Anthro- 
U ~ Pometric Methods as Nutritional Problems of School-Age Children? 
Growth retardation has been documented for children of low socioeconomic 
status. The best available estimates indicate that more than 5 percent of 
such children are below t'he 5th percentile for heigh t-for-age. Children from 
low-income families are more likely to exhibit reduced height and weight for 
age than children from 'families with higher incomes. These conclusions have 
been* reached by comparing all low-income children to the same standards. 
Most of the standards used in v the surveys were derived from samples of white 
children, and ethnic differences are often not taken into account. When 
children are matched for income, black children tend to be taller and heavier 
than their white counterparts. The magnitude of these differences varies 
with age and sex. Since specific standards for evaluation of anthropometric 
data do not exist for ethnic groups, the extent of growth retardation may be 
underestimated for some ethnic- groups and overestimated for others. 
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More children may be at risk from overconsumption than are at risk frtim 
underconsumption of food. Anthropometric data show trends toward obesity in 
the child population that increase with age.- Some studies (e.g., the Ten 
State Survey) have found that as many as 10 percent of children between 6 and 
IK years old are obese. There are relationships between obesity, *and sex, 
race, and socioeconomic status, but they have not been consistent among all* 
studies. Generally there is a trend for greater obesity among children .from 
upper income groups. The exception is low-income black females. During late 
adolescence, "and adulthood this group shows greater numbers with obesity than 
any other subgroup in the population. The growing numbers of obese children 
are of concern because research indicates that obese children have a high 
probability of becoming obese adolescents arid obese adults (Zack et al. f " 
1979; Weil, 1977). In adulthood, obesity aggravates or accompanies 
conditions such as high blood pressure and diabetes (Bray, 1979). 

D * what Clinical Signs of Nutritional Problems Have Been Identified Among 

School-Age Children? 
Symptoms of classical nutritional deficiency diseases are not common among 
school-age children in the United States. Tfie low prevalence of clinical 
signs does not diminish the serious „ nature of such nutritional deficiencies 
when they are .seen; nevertheless, it leads to - the conclusion that 
malnutrition in this country is largely subclinical and of chronic duration, 
The consequences are more evident in the long-term health status of the 
population than in the incidence of acute disorders. 

Conditions such as cardiovascular disease may begin in childhood, but may not 
result in a health impariment until later in life. Elaboration of the 
relationships between high blood pressure, which is seen with surprising 
frequency in the school-age population (Lauer et al., 1975), and dietary, 
factors such a sodium intake and obesity, is an especially high priority for 
further research. 
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Dental caries is another nutrition-related problem of concern in the 
school-age population. m The Ten State Survey found a high prevalence of 
dental caries in both high- and low-income states; in the low-income states 
more decayed teeth were unfilled. The Ten ^tate Survey also showed that, 
among school-age children, the prevalence of dental caries was significantly 
related to the amount of carbohydrate coAsumed^n between-meal snacks (Center 
for Disease Control, 1972 X* 
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CHAPTER III. NUTfllTIONAL STATUS OF SCHOOL-AGE CHILDREN 

* 

Joyce Vermeersch 
x Judit Katona-Apte 
Joseph Edozien 



INTRODUCTION 

The nutritional 'status' of school-age children is influenced by a number of 
factors, such as^et, growth rate, hormonal activity, 'previous* health status, 
.present health status, and environment;'' among others.- • While extensive 
nutritional deficiencies are uncommon among the school-age population of the. 

. United States, it may be complacent to believe- that "all schooi-age children 
are -well -fed. . , 

; • ' ' \ - " ' - • 

The purpose of this chapter is * to provide an overview of nutritional" problems 
affecting- school-age children in the United States. Nutritional- problems may 
be detecte^ by dietary data analysis, ' biochemical -tests/ anthropometric 
measurements, \and clinical examinations. The most appropriate method in any 

-situation depends on the nature; -extent, "and severity of the nutritional- 
problems. the \ppXi cation of these methods, with guiBelines for 
interpretation of. the findings, * is .discussed , in Chapter II. The review .of 
literatu^in the foIiowing~sections of this chapter "is organized in 'term's of" 

-the' following questions. .' 

- *-- . 

A - Nhat ^etary Deficienci es and/or Excessive Intakes of Nutrients 

^ — other Dietary Constituents Have Been , Identified as 

Nutritional Problems of School-Age Children ? 3 



\ 
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What Nutrition-Related Conditions Have Been Identified bi; 
Biochemical Techniques as Potential Problems for School-Age 
Children ? 

tfhat Growth and Development Problems Have Been Identified by 
Anthropometric Measures of Nutritional Status Among School-Age 
; Children ? ' . • , . 

What Clinical Signs of* Nutritional Problems Have Been 
Identified Among. School-Age Children ? 

No large-scale studies have surveyed school-age children exclusively; 
however, several nationwide, as well as local studies have included children 
from this age group in. their samples. The largerscale national "surveys that 
have assessed: some aspect of the nutritional status^ of the U.S."* population 
•arid have included school-age children as part of } their sample are the Ten 
State Nutrition Survey (Center for Disease Control, 1972), the Health and 
^Nutrition Examination Survey (*HANES, 1971— 197 1 *) , the Nutrition Surveillance 
System (Nichaman \ Lane, 1975) and the Nationwide Food Consumption Surveys 
(USD A, SEA, 1979, 1980 fPao, 1979). • .» . '? ' 

Ttie Ten State Nutrition Survey was initiated in 1968 to 

-make a comprehensive survey of the incidence and location of 
serious hunger and malnutrition and health problems incident 1 
thereto in the United States (p. 1-1). 

, " ■ \' • ' ■ 

This survey was the first large-scale attempt to assess the nutritional 
status of the United States population. Data were collected between' .1968 and 
1970. The sample was drawn from ten states—California, Kentucky, Louisiana,. 
Massachusetts,^ Michigan, New York, South Carolina, Texas, Washington, and 
West Virginia. The sample was intended" to be representative of the low-come 
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population* It was obtained £y sampling households in districts that had the 
lowest income levels in eacti state according to the I960 census. Not all or 
the subjects who participated in the survey were low-income,' however, since 
many middle and upper-income individuals also lived, in the selected districts. 

The Health and Nutrition Examination Survey (HANES) supersedes . the Health 
Examination Survey (HES) administered by the National Center for Health 
Statistics (NCHS). HES was a periodic survey that focused on health status, 
while HANES will measure both the health status and the nutritional status of 
the United States population and will monitor changes in. this .status over 
time. 'HANES is the first survey of .nutritional status that uses a 
^scientifically designed sample permitting estimates to be made for the entire 
United States. 

HES -Cycle I examined- a national .probability sample of <6 to 11 year olds and~ 
focused on ; growth and development. Over seven thousand^ (7 , 199) individuals 

\ 

t. 

^rom %f 1?66 to 1970. Over six thousand (6,768) individuals were examined, of 



were- g^amined from 1963 to 1965, representing a total of 2jl million children 



aged -6 'to 11 in the U.S. HES Cycle II examined youth J2 to 17 years of age 

ir 

\ 



whom/rieariy one-third had previously been included in Cycle I. Both survevs 
included anthropometric measurements (height, weight, fatfold, etc.) and 
i ndices of .skeletal and sexual maturation. 

The first cycle of HANES was conducted in 1971-74 and consisted of a national 
probability sample of persons between $1 and Ik years *bf age, A excluding 
persons living on reservations and in institutions. Further details of the 
HES arid HANES* samples are provided in Chapters II and IV. 

The Center for Disease Controls Nutrition Surveillance System was initiated 
in 1.973 in five states: Arizona, Kentucky, Louisiana, Tennessee, and 
'Washington; The CDC System now includes approximately 20 states (Nichaman,^ 
Personal Communication, January,. 1931). The. goals of the . program are 
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* j. ..to identify pockets of poor nutritional status, monitor changes 
in, variables which will predict deterioration of nutritional 
status, and ultimately to improve tne health status of individuals 

. (Nichaman & Lane, 1979, p. 410). 

Four nutritional status measures are monitored: height, weight, hemoglobin, 
and hematocrit. These^ measures are obtained from individuals Who attend 
public/ health clinics in each of the states. Since the dataware not obtained 
frqnr a survey sample drawn specifically for health and nutritional 
assessment, the findings are not necessarily representative of the nation or 
or the ^states in the system. However, they do consitute a large body of 
.current information on the school-age population. 

The final " national 1 survey % to be discussed here is the most recent National 
Food Consumption Survey (1977-1978), which is the sixth in a series of 
suryeys, conducted USDA since 1936* It includes- 15,000 households from the 
48* coterminous states, or approximately 34,000 individuals. Supplemental 
surveys cover persons in Puerto Rico, Hawaii,* and Alaska; persons over 65 
years: of age; and persons participating. in the Food Stamp Program. * 

Using* a combination of record and recall methods, the survey attempts to 
provide information on household and individual food consumption patterns. 
At the time of preparation of this manuscript, only preliminary reports from 
this ^survey had appeared (USDA, SEA, 1979, 1980, 1981). 

In^adclition to these major national surveys, numerous local surveys of the 
nutritional status of school children have also been conducted. , Some of 
these are long-term, ongoing studies such as those in Bogalusa, Louisiana; 
Evans County, North' Carolina; Framingham, Massachusetts; MuscatinV, Iowa; 
Princeton School District, Cincinnati, Ohio; and Tecumseh, Michigan. ^Others 
are single-point prevalence surveys. While it is not possible to" draw 
conclusions from these studies for the total school-age population, these 
Ideal surveys supplement the data from the nationwide surveys and help to 



identify :probXems in subgroups of the achooUage population. Tables III-5, 
IIIr.6-, Xll-8, and III-9 summarise . all of the national surveys and a large 
number of the- local nutrition surveys. The authors, year of publication, 
sample- % size and characteristics, and major nutritional findings are 
presented, -With comments and conclusions* Surveys are listed by author in 
alphabetical order. " 

\ v 

A ' " hat Dietari > Veficienc ies ^nmz Excessive mtake of Nutrients and Other 
Die tary Constituents Have jgga. Identified as Nutritional Problems of 
- • Schools Age Children ? 1 

-A large amount of information has been collected on the dietary intake of 
school-age children in the United States. Three nationwide .surveys have 
iticiued dietary assessments: Ten State Nutrition Survey (TSNS), Health 
Examination and Nutrition Survey (HANES), and National Food Consumption 
Survey (NFCS). - Ih. addition, numerous smaller investigations have been 
conducted on children of various ages, ethnic backgrounds and income lefts 
y-Ying in different parts of the country. 

V 

Most of the studies that collected dietary .information used the 2U-hour 
recall method. However, some researchers used diet histories (O'Neill iet 
al-., 1976); food records (Hard et al.,,1958; Van de Mark 4 Wright, :972); a 
combination of methods (Burroughs 4 Huenemann, 1970); or other instruments 
(Hodges 4 Krehl, 1965; Myers et al. , 1968). The strengths "and weaknesses of, 
these various methods of collecting dietary data are discus*sed in Chapter II. 

Dietary surveys report low, excessive, o\ unbalanced nutrient intakes, which 
•are generally expressed as the differenceWtween observed consumption and a 
suggested allowance. In the United States\ost data are c&paced with the 
Recommended Dietary Allowance (RDA) , which are periodically published by the 
Food 'and. Nutrition Bjard of the National Research Council. While the latest 
RDA were published in 1980, much of the research reviewed here used the 1974 
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edition -or earlier editions of the RDA. (The 198O RDA are given in Table 
11*2, Chapter 2. For comparison,, the 197^ RDA are given in Table III-1.) 

Some researchers construct their own standards for dietary analysis instead 
of using the RDA.- For example, both TSNS and HANES used standards that were 
designed especially for the surveys. The HANES standards are shown in Table 
ILE-2. These standards were developed by an advisory group that considered 
recopiendaticns made by^the World Health Organization, the National Research 
Council; and other authorities (Abraham et N al., 197*1). ^ 

In the following review of studies of the dietary intake of school-ase 
children, it mu3t be kept in mind that vitamin and mineral supplements are 
usually hot included in the nutrient analyses. This means that the actual 
ingestion of some vitamins or minerals may be higher than results calculated 
/from food intake data alone would, indicate. On the, o£her hand, nutrient 
losses from exposure to heat and light as a result of improper^ handling of 
food are also not included. 

Energy; (Calories) » • x 

Human beings receive the energy for both internal body functions and physical 
activity > from .the carbohydrate, fat, and protein in food. Alcohol also 
provides energy. The energy content of food and alcohol is measured in 
kilocalories, often shortened to '^Calories." 

There are three major classes of energy nutrients: proteins, carbohydrates, 
arid fats. Most natural foods contain all three nutrients in different 
proportions. Protein is a constituent of every living cell. Thus it is a 
very important nutrient for building body tissues k as well as providing 
energy. Carbohydrates can be either" in a complex form as starch or. inc. a 
simpler form as sugar. Both starch and sugar are metabolized to form 
glucose, ^which is the form of carbohydrate used to produce energy. Fats also 
produce energy and aid in the absorption of fat-soluble vitamins A, D, E, and 
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Table III-U Food and Nutrition Board, National Academy of Sciences- 
National Research Council Recommended Daily Dietary Allowances, Revised 1974 



Fat-Soluble Vitamins 



Water-Soluble Vitamins 



Age ; 



Infants 0.0-0.5 
0.5-1.0 
Children 1-3? 

4-6 
. 7-10 
11-14 
15-19 

19-22 

23-50 
*5I + 
ll-M 
15-18 
19-22 
23-50 
51 + 



Malts 



Females 



Pregnant 
Lactating 



Weight Height 



Og) (lb), (cm) (in) 



Protein 

M 



Viu- 
min A 



Vita* 
mm O 



Vita- 
min E 
(mg «hnf 



Mtnerab 



6 
9 

to 

28 

_45 
66 
70 
70 
70 
46 
35 
55 
55 
55" 

\ 



)3 
20 
29 
44 
62 
99 
145 
154 
154, 
154 
101 
.120 
120 
120 
120 



60 
7h 
90 
112 
132 
157 
176 
177 

178 
157 
163 
163 
163 
163 



V«a - * 
min C 
<«g> 



Thia- 
min 
(n»g) 



Ribo- 
flavin 
(mg) 



Niacin 
(mg MY 



Vita- 
min B-6 
(mg) 



Fola- 
cir/ 



24 
28 
35 
44 
52 
62 
69 
70 
70 
70 
62 
64 
64 
64 
64 



kg x 2.2 > 
kg x 2.0. 

23 

30 

34 

45 

56 
-56 

56 

*56 

46^ 

46 

44 

44 

44 
+30 
+20 



420 
400 
400 
500 
700 
1000 
1000 
1000 
1000 
1000 
800* 
800 
800 
800 . 
800 
+200 
+400 



Vitamin 

ni2 

(Mg) 



Cal- Pbo». Mag- 
cium phorus . novum 
(mg) (mg) (mg) 



Iron 
(mg) 



10' 


3 


35 


,0.3 


0.4 


6 


0.3 


30 


oy 


360 


240 


50 


10 


4 


35 


0.5 


0.6 


8 


06 


! « 


1.5 


540 


•360 


70 


10 


5- 


45 


0.7 


0.8 


9 


0.9 


IOC 


2.q 


800 


800 


150 


10 , 


6 


45 


0.9 


1.0 


11 


1.3 


200 


2.5 


800 


800 


200 


10 


7 


45 


1.2 


1.4 


16 


1.6 


300 


3.0 


800 


800 


250 


10 


8 


50 


1.4 


1.6 


18 


1.8 


400 


30 


1200 


1200 


350 


10 


10 


60 


1.4 


1.7 


18 


2.0 


400- 


30 


1200 


1200 


400 


7.5 


10 


60 


1.5 


1.7 


19 


2.2 


400 


3.0 


800 


800 


350 


. 5 


JO 


60 


1.4 


1.6 


18 


2.2 


400 


" 3.0 


800 


800 


350 


5 


10 


60 


. 1.2 


1.4 


16 


2.2 


400 


3.0 


800 


800 


350 


10 


8 


50 


1.1 


1.3 


15 


1.8 


400 


3.0 


1200 


1200 


300 


10 


8 
8 


60 


1.1 


1.3 


14 


2.0 


400 


30 


1200 


1200 


300 


7.5 


60 


1.1 


1.3 


14 


20 


; 400 


3.0 


800 


800 


300 


5 


8 


60 


1.0 


1.2 


13 


2.0 


\ 400 


30 


800 


800 


300 


5 


8 


60 


1.0 


1.2 


13 


2.0 


400 


3.0 v 


800 


800 


300 


+5 


+2 


♦20 


♦0.4 


+0.3 


+2 


+A6 


+400 


+ 1.0 


+4(XM 


(H00 


+ 150 


+5 


+3 


+ 40 


+05 


+0.5 


+5 


+0.5 


+ 100 


+ 10 


+400- 


+400 


+ 150 



Zinc Iodine 
(mg) <>*g) 



10 

15 
15 
10 
10 
18 
18 
10 
10 
10 
18 
18 
18 
18 
10 
A 



5 
5 
JO 
10 
10 
15 
15 
15 
15 
15 
15 
15 
15 

13" 
15 
+ 5 
*I0 



40 
50 
70 
90 
120 
150 
150 * 
150 
150 
550 
150 
150 
150 
150 
150 
+25 
+50 



;*TTiealiWaiKrtarc intended to provide for individual variations among most normal persons 

* in th * V?"** StMC9 u*uaJ environmental stresses. Diet* should be based 
: «» a variety of cominon foods in order to provide other nutrients for which human require- 

aaent* have been lew well defined. See text for detailed Msanurioft of allowances and of 
J*£* t ?" < * Stated. See Tabse 1 (p, 20) for weights and heights by individual year of age 

(p ' ? S) for »««rited avenge energy intakes. 
' ** whf * ,fnt *- ^retiftol equivalent - 1 jtg retinol or 6 stg fi carotene See text for 

caicusatton of vitamin A activity of diets at retinol equivalent*. 
_ » As choaycaicifcroL-10 *g cholecaJcifcrol -' 400 IV of vitamin D. 
*aHocopherol equivalents. 1 mg 4<* tocopherol - I a-jz. See text for variation in allowances 
md calculation of vitamin E activity of the diet as ^tocopherol equivalents. ' 

* \ mi (niacin equivalent) is equal to 1 mg of niacin or 60 mg of dietary tryptophan. 

; ^Tfce folactn allowances refer to dietary sources as'detennined by UetobactUui amy after 



treatment with enrymes (conjugases) to make polyglutamyl forms of the vitamin available to 
the test organism. 

* The recommended dietary allowance for vitamin B- 12 tn infants is based on average concen- 
tration ofthe vitamin in human milk. The allowances after weaning are based on energy 
intake (as recommended by the American Academy of Pediatrics) and consideration of other 
factors, such as intestinal absorption: see text. ' 

*The increased requirement during pretmarK7cann0t.be met by the iron content of habitual. 
American diets nor by the existing iron stores of many women; therefore the use of 30-40 . 
mg of supplemental iron is recommended. Iron needs during lactation are not substan 
tially different from those of nonpregnant women^but continued^upplemrntttion of th ■ 
•notber for 2-3 months after parturition is advisable in order to replenish Jtores depleted !*v 
pregnancy. 
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Table III-2. Standards for Evaluation of Daily Dietary Intake Used In 
the Health and Nutrition Examination Survey, United States, 1971-72 



t 

V 


Calories 
(per kg) 


Protein 
(gro per 
kg) 


Calcium 
(mg) 


Iron 
(mg) 


Vitamin 
A* 

(I.U. ) 


Vi tamin 

c ! 

(mg) 


1-5 years: 

12-23 months , male and female 
24-47 months, male and female . 
48-71 months » male and. female 


90 
86 
82 


1.9 
1.7 
1 . 5 


450 
450 


15 
15 
i ft 


2000 
2000 
^uuu 


4n 
40 
40 


6-7 years , male and female 


82 


1.3 


450 


10 


2500 


40 


-8-9 years, male and female 


82 


1.3 


450 


10 


2500 


40 


» 10-12 years - Male 


68 


1.2 


. 650 


10 


2500 




\ - ^Female 


64 


U2 


650 


18 








13-U6 years - Male ^ - 


60 


1.2 


650 


18 


3500 


50 


Female 


48 


1.2 


650 


18 


3500 


50 


17-19 years - Male 


44 


1.1 


550 


18 


3500 


\55 


Female 


35 


1.1 


550 


18 


3500 


50 


20-29 years - Male 


40 


1.0 


400 


10 


3500 


60 . V 


Female * 


35 1 


1.0 


600 


18 


'3500 


55 ' 


30-39 years - Male 


. 38 


1.0 


400 


10 


350o' 


* 60 


Female 


3^ 


1.0 


600 


18 


3500 


55 


40-49 years s - Male 


37 


1.0 


400 


10 


3500 


60 


- * ' Fcma le 


31 


1.0 


600 


f 


3500 


55 


50-54 years - Male 


36 


1.0 


400 


ift 




60 


Female 


30 


1.0 ' 


600 


18 


3500 


55 


55-59 years - Male 


36 


1.0 


400 


10 




i*0 , 


Female 


30 


1.0 


600 


10 


3500 


5 




60-69 years - Male 


34 


1.0 


400 


10 


3500 


60 


Female 


29 


1.0 


600 


10 


3500 


v» 


70 years and over - Male* 
- Female 


34 
29 


1.0 
1.0 


400 
600 


10 
10 


3500 
3500 


• ss ■ 


Pregnancy (fifth' month and beyond), 
add to basic standard 


200 


20 


200 




1000 




>** 


Lactating, add to basic standard 


1000 


25 


500 




1000 




> 



•Assumed 70 percent carotene,* 30 percent retinol. ' 
**For all pregnant women. 
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K. Compared with protein and carbohydrate, fats are a more concentrated 
source of energy. One gram of fat produces nine calories, while one gram of 
protein or carbohydrate produces four calories. Alcohol produces seven 
calories per gram. 

As- shown in Table III- 3 , the NFCS provides estimates ,of the percentages of 
total energy supplied by. carbohydrate, protein and fat in the diets of 
sehoolrage children (USDA, SEA, 1980). Data .from many of the more, recent 
-local studies tend to^agree' with the national .data.' For example, Frankl et 
al. (1978) found that children in Bogalusa, Louisiana consume 13 percent of 
their total calories from protein, 39 percent from fat, and 49* percent from 
carbohydrate . 



Some studies show racial differences in fat consumption. For example, a 
study by Lee (1978 ) among teenagers in Kentucky found that biack males 
obtained more of their calorieTTFdm fat than white males (i.e., H6% vs H2%) , 
.but that white females obtained more of their calories from fat than black 
females (i.e., H0% vs 38%) . 

There is no specific recommendation for the proportion of energy that should 
come, from protein., carbohydrate or fat. Hoviever, because some research has 
associated high levels of ,Xat in .the diet with heart disease, some forms of 
cancer.S'and other health conditions, most authorities recommend that 
Americans should moderate their fat intake. The National' Research. Council 
•suggests a guideline of 0,35 percent of calories from fat-especially for 
ihdividudals consuming less thatf -1000 calories per day (National Research 
Council, 1980). It appears that average intakes of fat among American school 
children exceed this ; guideline, especially among adolescent males, who 
consume approximately 44 percent of their calories from fat. USDA data show, 
however, that average fat intakes have decreased since 1965 (when the last 
.Food Consumption Survey was performed). Some of the earlier local studies 
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Table III-3* Percent of Total Calories From Protein, Fat and 
Carbohydrate for School-Age Children 



Sex and Age 

(Years) Protein Fat . Carbohydrate* 



Males and females 

6-8 15.6 37-6 47.8 

Males 

9-11 15.8 38.8 i»6.1 

15.5 39.9 45.5 

15-18 16.0 .40.6 44.0 

Females 

9-H 15. i» 37.4 i»8.3 

12^14... 15.5 39.3 46.0 

15-18 16.1 39.6 44.8 



Note : From-National Food Consumption- Survey (USDA, SEA, 198O) 



bear this out. For example, Hodges and Krehl' (1965) found that teenagers in 
Iowa received 43.5 percent of, their total energy from fat. 

Milk and meat appear to be the primary sources of fat in children's diets 
(USDA, SEA, 1980; Frank et al., 1978); however, animal sources provide only 
one-third more fat than vegetable sources (Frank et al., 1977). Sugar 
intake, mainly in \the form of sucrose, provided 25 percent of the total 
energy intake of Bogalusa children studied by Frank et al. (1977). 

Total energy intake in the National Food Consumption Survey was compared with 
the ^980 RDA. Since the 1980 RDA give ranges of energy intakes for various 
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age-sex groups, the midpoint W the range was used for computations.' 
Children 6 to 8 years of age had \erage>Atakes that were 81 percent of the 
standard; intakes of older children ranged from 80 to 96 percent for males* 
and 86 to 87 percent for females. These intakes are not necessarily 
inadequate; individuals vary greatly in their energy requirements, depending 
on metabolic factors and physical activity. 

7 

The findings of all three major* U.S. surveys indicate that children from 
low-income households consume fewer calories than children from upper income 
households. In the NFCS, children from homes with less than $6,000 annual ' 
income had lower 'percentages of the RDA for calories than the national 
average in every age-sex group. Both TSNS <Lowe . et al., 1975) and HANES 
(Abraham et al., 197J0 found that the energy intake of school-age chft^ren in. 
all age, sex and fthnic" groups was associated with family income. J One 
reviewer who examined the Ten State data concluded that among low-income 
persons, -the quality of food intake, rather than the quality, was the major 
dietary problem highlighted by the survey (Lowe et al., 1975). 

V 

Ethnic differences in caloric intake were also observed, but it is difficult 
to separate this factor from socioeconomic factors. However, in HANES, white 
children from the income group above poverty had the highest caloric intakes, 
while black children in the income group below poverty had the lowest caloric 
intakes, at all ages and in both sexes. The magnitude of the difference was 
generally such that the lower value fo$ low-income blacks was approximately 
80 percent of the higher value for upper-income whites (Abraham et al., 197*1). 

Local studies generally parallel the findings^ the national surveys. Lee 

(1978) found a large proportion of low-income \teenagers in Kentucky with 

energy intakes b!elow 67 percent of; the 1974 RDA; \so did Frank et al. (1977) 

for a population of 10- to 14-year-old children in Louisiana. Both of these 
samples contained black and white children. 
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There are also indications that children fronfe other ethnic minority groups 
have lower-than-average energy intakes. Energy intake data on 20 children in 
California, ages 6 to 9, most of whom were Mexican-American, showed that 25 
percent consumed less than 80 percent of the RDA (Burroughs 4 Huenemann 
197,0). The average energy intakes of 298 Mexican-American children from the 
lower Rio Grande Valley of Texas fell below the RDA in a study by Larson et 
al. 0974). The Ten State Survey also found that Spanish-American children 
in New York City, California, \ and Texas were apt .to have low energy intakes 
(Center for Disease Control, 1972). 

Protein ^ 
Because protein is required for the synthesis of body tissue, inadequate 
intakes of protein could potentially have detrimental effects on the growth 
and development of children. Bottf the amount and quality of protein in the 
diet are important. Proteins from animal sources are closer in composition 
to human requirements, but diets composed of proteins from vegetable sources 
can be adequate, provided that a sufficient quantity or combination of 
vegetable protein foods is consumed. 

Findings from the NFCS, HANES and TSNS indicate that protein intakes of 
school-age children are adequate. In a review of the nationwide surveys, 
Owen^and Lippman (1977) state that mean protein intakes per 1000 kilocalories 
show little or no variance by ethnicity -or socioeconomic factors. While 
there are variations in the relative proportion of animal and vegetable 
sources of protein in the diet among ethnic and regional groups, there is no 
evidence that the nutritional quality of the protein is inadequate. The NFCS 
showed that even in households with incomes below $6,000 per year, ' children 
consumed between 122 and 207 percent of their RDA for protein (USDA, 1980). 
The majority of the local studies that assessed the dietary protein intake of 
school-age children also found that it met or exceeded the RDA (Hodges & 
Krehl, 1965; Larson et ax., 1971; Burroughs & Huenemann, 1970; Frank et al., 
1977, 1978). 
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Cholesterol \ 

Cholesterol belongs to the family of chemical substances called lipids. This 
family of substances also includes dietary fats, 0ut cholesterol, unlike fat, 
does not produce calories. Under normal circumstances, cholesterol performs 
a number of helpful functions, in the body, such as participating, in the 
manufacture of hormones, vitamin D and bile acids which are needed for the 
digestion and absorption of fat. There is interest in the dietary intake of 
cholesterol because high intakes have been' associated with heart disease in 
some epidemiological studies.' The desirable intakes of cholesterol for 
children and adults are controversial Some recommendations have been made 
'to limit cholesterol to 300 mg pei day -(U^sT^^ect Senate Committee on' 
Nutrition and Human Needs, 1978) buV<thisf level is not accepted by all 
authoriti "s. 



There- are only a few studies that have assessed the cholesterol intakes of 
children- Frank et al. (1977, 1978) reported cholesterol intakes of 
school-age children in Bcgalusa and Franklinton, Louisiana. Average intake 
of 9 to 11 year olds in Bogalusa was 324 mg per day. Children in Franltlinton 
between 10 and 14 years of age averaged 345 mg of 'cholesterol per day. The 
majority of children in both samples were black. 



Lee (1978) obtained data from 118 teenagers—85 white and 33 blacks. Mean 
intakes ranged from 263 mg for black females to 475 mg for white males. 

None of the national surveys report cholesterol intakes. 

Vitamins 

Vitamins are orgariic compounds that are necessary in small amounts in the 
diets of higher animals for growth, reproduction, and maintenance of normal 
health. Fourteen vitamins have been identified up until now (Briggs & 
Calloway, 1979). Only those that have been investigated in surveys as being 
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* of concern to the school-age population of the United States will be 
discussed here. 

Vitamin A. Vitamin A is essential for growth, vision (including the ability 
to see well in dim light), tooth development, and maintenance of epithelial 
tissues. The major dietary sources of this vitamin are liver, butterfatAnd 
egg yolks. Certain plant constituents (carotenes) can be converted into 
vitamin A in the body; these are found in dark green (e.g., spinach) and deep 
yellow (e.g., carrots) vegetables. In the United States, vegetable sources 
provide almost half the daily intake, .of vitamin A (Greenwood & Richardson, 
1979). However, according 'to the NFCS (USDA, SEA, 1980) school-age children 
obtain most of their vitamin A from milk and grain products. Greenwood and 
Richardson (1979) state that. the average diet in the United States is s so rich 
in vitamin A or in provitamin A substances "that it should provide 
approximately twice the recommended allowance for this vitamin. Even though 
the NFCS found that vitamin A intakes of all age groups declined hetween 1965 
and 1977, average ^intakes in the more refpent surveys were over 100 percent of 
the RDA in all age-sex groups of school-age children. 

Vitamin A intakes were also generally adequate in HANES. In all but one 
age-sex group, black and white children above and below poverty had mean 
intakes above 100 percent of the standard. The exception was black females 
age 12 to 17 years, who were in the above-poverty group (Abraham et al., 
197*0. It should be noted, however," that the HANES standard ?or vitamin A is 
2500-3500 I.U., not the 3500-5000 I.U. for the same-aged children in the 
RDA. The HANES findings contrast with the Ten Sta>te Survey, which found that 
in many low-income areas of the .United States, households seldom served 
vitamin A-rich foods (Center for Disease Control,^ 1970) . A study by Schorr 
et al. (1972) on the food preferences of teenagers found that none of the 
items described as well-liked were good sources of vitamin A. 
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Some of the local surveys found/evWnce . of dietary vitamin A deficiency 
among school-age children/ Hampton et al'.' (1967)' found low' vitamin A intakes 
in California teenagers; Myers et al. (1968) found that children from 
low-income homes were deficient in the .consumption of foods rich in vitamin 
A. Kirksey et al. (1978) noted that 89 percent of 12- to 14-year-old females 
had dietary intakes of vitamin A below j^ereent of tne RDA -~ Frank et -al. 
(1977, 1978) and Lee (1978) also found th^t vitamin A intakes fell* below 
two-thirds of the RDA for some age- and sex-specific groups of school-age 
children. & 

!/•"•■ ■ " if . 

Vitamin C . Vitamin C, also known as ascorbic acid, is a compound that 
prevents scurvy, a disease that is characterized by failure to grow properly, 
weakness; "swollen joints, listlessness lack of endurance, small hemorrhages 
under the skin, and gums that bleed easily. 

* 

Dietary sources of vitamin C are fruits and- vegetables— especially citrus 
fnOtsiand dark green vegetables. This vitamin is very sensitive to heat and 
air; thus, exposure to air or cooking will reduce the amount available for 
nutrition. • - 

Average vitamin C intakes in the United States have increased considerably 
since 1965,^ and the mean intake for the school-age population is well above 
the RDA (USDA, SEA 1980). This increase is attributed to the increased 
.fortification of beverages with vitamin C and to the . increased availability 
and consumption of citrus fruits (Pao, 1979). 



HANES data also showed all groups of children consumed average levels of 
ascorbic acid that were above the standard (Abraham et al., 197*!). In 
contrast, the Ten State Survey found that vitamin C intake was associated 
with income. . Deficient vitamin C intakes were found in the low-income 
populations. Some other earlier studies .(Hampton et al., 197*0' and some more 
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recent studies (Frank et al., 1977; Kirksey et al., 1978; Lee, 1978) also 
documented deficient intakes .of this vitamin. 

B, Vitamins, Each of the B vitamins is a ' component in all "body cells. A 
dietary- source is, necessary for growth, reproduction, nerve and brain 
function, blood formation, and normal cell function. The B vitamins' for 
which RDA have been established are thiamin, niacin, riboflavin,\ vitamin 
Bg, vitamin B^ 2 and folic acid (fdlacin). 

tea of thiamin and niacin are related to the intake of total calories, 
ferefore, ethnic and income groups found to have caloric .intakes below 
standards are more likely to have individuals below standards for. thiamin and 
•niacin . as- well, besides the niacin present in .foods, niacin can also be 
manufactured in the body from tryptophan, which is one of the/amino acids in 
protein. Therefore niacin intakes are Usually adequate when protein intakes 
are. .high, as in the United States. In the NFCS all groups of school^-age 
children including those from, low-income households Tiad average intakes of 
thiamin and niacin that were above .100 percent of the RDA" (USDA, 1980). * 

According to the JFCS, intakes of riboflavin among children in the United 
.States decreased between 1965 and 1977. .Nevertheless, mean intakes of the I 
national sample, as well as those of low-income children, ' were .above 100 
percent of the RDA. v L arsen et al. (..1,97*0 found riboflavin intakes to be 
above the 1968 RDA for Mexican-American children in Texas. Frank et al. 
(1977) found thatj*^ intakes of most children in Frahklinton, Louisiana ",met 
the 1974 standard. However, Lee (1978) found that riboflavin intakes were 
below the W RDJ) for white females. V This survey found a large difference 
in the riboflavin -intake of white and black males (i.e.-, 2.4- mg vs 1.6 mg7 
respectively). The Tenfjtate Survey also, found that black children consume 
less riboflavin than whites (Center/ for Disease Control, 1972). These 
differences could-'be explained by differences in -milk consumption. MilR" 
consumption habits of teenagers from different ethnic .backgrounds in New York 
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City; was studied by x llopez et al. (.1980). These researchers found that- 69 
percent of Hispanic \<jhildren, 7¥ percent of white children and only Hi 
'percent of black children reported consuming two or more cups of .milk per 
day. There was a significant relationship (p'< .020 between milk consumption 
and r |!§ 0flaVin int ? ke » teenagers who reported- consuming three or more cups of 

milk, per day were least likely' to have deficient riboflavin intakes. 

\ • ; * I <• 

Intakes of the remaining three B vitamins-Bg, and folic acid-have 

not been- studied* as extensively as intakes of thiamin, riboflavin and niacin, 
since Recommended Dietary Allowances for these vitamins were first set in 
' 1968. ' The NFCS is the only national survey that assessed vitamin B g and 
B 12* f,one of the national surveys assessed folic acid intakes. 



The vitamin B 12 intake of al.l age-sex 'groups of school children in' the -NFCS 

was above the RDA standard, with averages ranging from 121. to 192 percent. 

Vitamin Bg, however, may be a problem for4some groups, since the average 

intakes of ail age-sex groups fell below. 100 percent of the RDA. The values 

^for males were only slightly, below standards, but averages among females were 

oniy 65 to ,80 percent of the standards. The lowest average intake (i.e., 65 

percent of the, RDA)' was *f'pund among 15- to 18-year-old girls. Girls in this 

age group living in households with less than $6,000 income per year obtained 

an average of only 56 percent of their RDA for vitamin B c . 

6 " 

Some, of the local studies indicate that folic acid nutriture may also be a 
problem for some teenage girls. Daniel et al. (1975) found that folate 
intakes of adolescents were generally inadequate compared with the 1971 RDA. 
There was "no difference in folate' intake that could be attributed to income, 
! but differences were observed according to race. At puberty, blacks had 
greater intakes of folic acid than whites, but in late adolescence this 
finding was reversed. 
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Van de Mark and Wright (1972) studied the folate intakes of pregnant and 
non-pregnant teenage girls. They found that 13 percent of the pregnant girls 
and '15 percent of the non-pregnant girls had intakes that met only 67 percent 
of the pDA. 

Minerals 

Several' mineral elements are essential for the proper functioning of the 
body. Some of them are considered to be "macro-minerals" because they are 
present in the body in amounts greater than .01' percent of body weight. 
Others are called "trace elements" because while they are necessary in the 
diet of humans, they are needed, in, very small amounts— less than 100 
milligrams per day. Not all of a mineral that is ingested is utilized; only 
a certain percentage is absorbed. This percentage depends on a number of 
factors, such as^how much was ingested and what other substances were eaten 
at the same time; some substances enhance and others hinder absorption. 

Calcium . There is more calcium in the body than any other mineral. It is 
"mainly .used for teeth and bone formation. All of the calcium for skeletal 
growth' has to be derived from the diet. Milk an%other dairy pfoducts are 
the chief sources of calcium. Vitamin D, which is used to fortify miilc> aids 
in £he absorption of calcium. 

Mean intakes of calcium have declined in recent years. The Nationwide Food 
Consumption Survey found that the ingestion of dairy products also declined 
between 1965 and 1977 (Pao, 1979). Phillips and Briggs (1975) found a 22 
percent decrease in milk consumption between 1960 and 1973, and a 111 percent 
increase in soft drinks during the same period. Large amounts of phosphorus 
(phosphorus is found in soft drinks) hinder the absorption of calcium— the 
combination of a fall „in calcium intake and an increase in phosphorous intake 
could -have an important effect on the calcium nutriture of children. 

■ - \ \ 

\ s 

\ 
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Jhe age and sex group most at risk for calcium deficiency appears to be 
females ^over the age of 12. Mean intakes of this group in the NFCS ranged 
from* 64 to 74 percent of the 1980 RDA (USDA, SEA, 1980). ftANES generally 
found more adequate levels of calcium intake, but the HANES standards for 
calcium are only one-half of the RDA (Abraham et al., 1974) ♦ 

Deficiencies of calcium intake repeatedly show up in the small-scale 
surveys* Kirksey et al. (1978) found that 29 percent of girls aged 12 to 18 
had intakes that were below two-thirds of the RDA* Lee (-1978), also studying 
teenagers, found that average calcium intakes were less than two-thirds of 
the RDA among girls ♦ 

Racial differences are also observed for calcium intake* HANES found that in 
all age groups- and income levels, blacks consumed less calcium than whites. 
According to the HANES data, mean intakes of calcium per 1000 calories were 
fairly comparable between blacks and whites. The HANES authors say that this 
indicates /that, food selected by white persons did not contain more calcium 
than that selected by blacks, but that white persons had greater total 
caloric intakes (Abraham et al., 1974). In other words, it was the quantity, 
not the quality of food that made the difference. 

Iron . Iron, plays an important role in the respiratory process, A deficiency 
of this trace element in the diet is the most common cause of anemia, A 
further discussion of the importance of iron is provided in Chafer II, 

Of all nutrients that' are commonly studied in dietary surveys of children, 
iron is the one most consistently found to be deficient. Adolescents are 
especially at risk, and females consume inadequate intakes more often than 
males. 
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In the Ten State Nutrition Survey, 80 percent of 10- to 16-year-old females 
had iron intakes below the standard (Center for Disease Control, 1972). 

$ 

HANES data show that adolescents of both sexes, ages 12 to 17, had low iron 
intakes.. In the group with incomes below poverty, black children ages 6 to 
11 also had iron intakes that fell below standards (NCHS, 1975). In the NFCS 
(USDA, SEA, ^1980) children 6 to 8 years old and males 9 to 11 years old had 
adequate iron intakes, but all other age-sex groups of school cnildren had 
intakes below 100 percent' of the RDA. The poorest intakes were among ft*: Ues 
aged 15 to 18, V who consumed only 62 percent of the RDA for iron. L the 
group with family incomes less than $6,000 per year, the lowest average iron 
intakes were 55 percent of the RDA for 12- to 14-year-old females and 56 
percent of the RDA ^r^- to 1 8-year-old females. 

Low intakes of iron among' teenagers are rlfated to the iron density of the 
typical American diet. The average U.S. diet contains approximately 6 mg of 
iron per 1000 ki.localories (Briggs & Calloway, 1979). In order for teenagers 
to meet their RDA for iron thay vould have to consume nearly 3000 calories 
per day. This would except uhe average calorie requirements of many 
teenagers, especially .females. Other studies that have found low iron 
intakes' include: Frank et al. 0977); Greger et air 0^78); Hampton et al. 
(19.67X;*Lee (1978); Pro,thr6 et al. (1976); and Van de Mark and Wright (1972). 

The consequences of low iron intakes in relation to the RDA are difficult to 
evaluate. "The RDA for iron is based on an estimate that approximately 10 
percent of the available iron in the diet will be absorbed (National Research 
Council, 1980). However, it is now known that dietary iron consists of two 
forms— hem3 and non-heme. Approximately HO percent of the total iron in 
animal products, including meat, poultry and \fish,- is heme iron. The 
remaining percent in animal products and all of the irori in vegetable 
products is non-heme iron. Research suggests that approximately 23 percent 
X rather than 10 percent) of heme iron- present in a~meal is absorbed. -The 
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absorption, of non-heme iron is much less (3-5%), but absorption of non-heme 
iron is improved if ascorbic acid (vitamin C) is present (Monsen et al., 
1978). Dietary surveys do not distinguish between heme and non-heme iron. 
However, the NFCS (USDA, SEA, 1980) found that school-age children obtain 30 
to ,35 percent of their" total dietary iron from meat-, poultry, and fish. 
Furthermore, the average intake of vitamin C is above standards for all 
age-sex groups. Nevertheless, these' facts do not rule out the possibility 
that some groups of school-age children are at risk of iron deficiency. 

Other minerals . •• In addition to calcium and iron, other minerals have 
important functions in human nutrition. Trace minerals such as zinc, 
magnesium, copper, manganese, fluoride, chromium, selenium, and molybdenum 

^ act as cofactors in a number .of body reactions involved in the synthesis of 
tissues or the production of energy. Electrolytes such as sodium and 
potassium are needed for proper fluid balance.' Of these various minerals, 

' RDA have been ,set only for zinc and magnesium. In the ooinion of the 
National Research Council, not enough is known about human requirements for 

^ the others to set Recommended Dietary Allowances; however, "estimated safe 
and adequate" ranges of intake were published in the 1980 edition of jhe RDA 
(National Research. Council, 1980). 

Not many dietary surveys have assessed intakes of these minerals. One reason 
is that food composition tables ' contain missing and/or inaccurate values for 
many items. The NFCS is the only national survey containing information' for 
trace mineral intakes of school-age 'children, and only data on magnesium are 
reported. Intakes of all age-sex groups of school-age children fell below 
the 1980 RDA. The lowest intakes were found in children aged 15 to 18. On 
.the average, males in this age group consumed 79 percent of their RDA for 
magnesium and females consumed 71 percent. In the same age group of children 
from low-income households, males consumed an average of 65 percent of the 
RDA and females consumed an average of 72 percent. 
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Some of the local studies suggest that problems, may also be encountered with 
the other trace minerals. For example, Greger et al. (1978) found that mean 
intakes of zinc among elementary school children in Indiana Were 60 percent 
of the RDA. In this study over one-third of the females consumed less than 
two-thirds of the RDA for zinc. 

The concern about some minerals is with overconsumption, rather than 
deficiency. Intakes of % sodium fall into this category, because there is 
evidence that 'excesses .'of sodium are detrimental to people who are 
susceptible to high blood pressure (National Research Council, 1980). The 
Diefca'^ Guidelines published by the U.S. Government advise against consuming 
"too much" sodium (USDA-DHEW, 1979). 

Sodium is present naturally in most foods, but the largest source is salt 
added to food during processing or preparation. Actual sodium consumption is 
not reported in any of the national surveys, but HANES found that salty snack 
foods are consumed more frequently by children than by any other age group 
studied. Only 16 percent of children reported that they seldom .or never eat 
these foods. . In both the 6-te-11 and 12-to-17 age groups, a slightly higher 
percentage of males than females of both races were found to consume salty 
snack ,foods once or twice a day. A higher .percentage of blacks than whites 
arso consumed ^Ehese foods. The frequency was almost twice as great among 
black females as among white females. 

In contrast with these findings, one small study conducted by Prothro et al. 
(1976) found that among low-income adolescents, whites consumed higher levels 
f*f sodium than blacks of both sexes, but the difference was significant only 
for males. The geographical location and income level of the sample could be 
responsible for the difference between these results on sodium intake and the 
HANES data on the intake of salty foods. 
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Frank et al."(1978) also assessed sodium intakes among children 9 to 11 years 
old with results more in keeping with the HANES findings. Sodium intakes per 
'person ranged from 2600 mg to over 11,000 mg per day. Black females ingested 
significantly greater amounts of sodium than any other sex-race group. 

* 

Other, Dietary 'Habits. I n addition to actual nutrient intakes compared with 
standards, there are 'other aspects of the food habits of children that may 
indicate gen-eral problems. These include snacking behavior and the 
consumption of sweets. In the Ten State Nutrition Survey, both of these 
behaviors were related to the incidence of dental caries among 10- to 
-16-year-old children (Center for Disease Control, 1972). There is also 
concern ghat frequent snacking^ on high-calorie foods 4 contributes to the 
problem of obesity. 

* 

In HANES, consumption of desserts such as cakes, cookies, pudding, and ice 
cream was reported at least once daily ' by W percent of white children and 46 
percent of black children between 6 *and 11 years of age. The frequency of 
eating these foods was somewhat less among older children. 

According to the NFCS, sugar and sweets (including granulated sugar, jams, 
jellies., syrups and candy) declined in overall consumption between 1965 and 
1977, with the largest decrease, reported among teenage girls. However 
children and teenagers remained the largest users of candy: between 8 and 15 
percent of school-age children reported eating candy on the day of 
survey. More females reported eating candy than 
in both sexes were children 9 to 11 years old. 

i 

In contrast with sugar and sweets, the consumption of soft drinks (both 
carbonated and non-carbonated) increased substantially between 1965 and 
1977. Teenagers 15 to 18 years of age had the highest usage: 56 to 60 
percent of children in this age group reported consuming soft drinks on the 
day of the survey. Average quantities were 630 grams for males and 174 grams 



the 



males, and the biggest users 



for females* It is also of interest thajd between 1 and 3 percent of 
teenagers reported 'consuming alcoholic beverages on the day^ of the survey* 

Eating frequencies were also assessed in the NFCS and in some of the local 
surveys* Over half the sample of schoQl-age children in the NFCS reported 
eating more than three times a day. Between 30 and 40 percent of the 
children reported eating at least one snack, and between 16 and 30 percent 
reported eating two snacks or more* The percent of children who reported 
eating no breakfast or lunch is shown in Table 111-4* Tnese data show that 
skipping lunch is more prevalent than skipping breakfast, that skipping both 
meals increases with age, and, at least among older children, more females 
skip meals ,than males. 



Table III-4. Percent of School-Age Children Reporting Eating 

No Breakfast or Lunch 



Age and Sex 



Percent of Children Reporting 
No Breakfast No Lunch 



Males and females 
ages 6-8 

Males 

ages 9-11 
12-14 
15-18 

Females 
ages 9-11 
12-14 
15-18 



3.5 



7.5 
7.8 
13.9 



4.6 
14. 4 
23.2 



12.7 



15.0 
20.5 
23.2 



\I7.3 
1&.4 
2410 



(Source:. National Food Consumption Survey, Preliminary Report No. 2, USDA, 
SEA, 1980) 



>-:o 



320 



The eating frequency behavior of children could explain some of the 
differences in nutrient intake discovered in the surveys. For example, Frank 
et al. (1978) divided the Bogalusa children into groups according to the 
number of times per day that they consumed food. It was found that children 
who had the greatest eating frequency (9 to 12 eating times per day) had an 
average oalorie intake that was 1.8 times greater than the group with the 
lowest eating frequency or fewer times per day). These children also had 
significantly greater intakes of protein, carbohydrate, sucrose, starch, 
saturated and polyunsaturated fat, cholesterol, sodium, iron and calcium. 
Frank et al. also found that the children obtained over one-third of their 
total daily energy, on the average, from between-meal snacks. 

Discussion 

Data from dietary surveys indicate that some nutrients pose problems for 
school-age children. (These surveys are summarized in Table III-5.) Of 
those nutrients most frequently studied, calcium and iron are consistency 
found to be below standards. Older children, especially adolescent females, 
are at greatest risk. The national surveys indicate that average levels of 
vitamin A and vitamin C are above standards for most children, but some of 
the local studies suggest that these nutrients may be low in the diets of 
some subgroups, depending on age, ethnic background and geographic location. 
Generally, levels of protein, thiamin, niacin and riboflavin are adequate. 
Other nutrients have not been studied as extensively, but there is some 
evidence fro'm the National Food Consumption Survey and from local studies 
that vitamin B^, magnesium, zinc, and folic acid intakes may be deficient 
among teenagers. 

Intakes of nutrients among children are affected by income and ethnic 
background. All of the national surveys show* that caloric intakes and 
intakes of most nutrients are lowest among children from low-income 
households. Comparison of nutrient densities reveals that these differences 
by income level are not due to differences in the quality of food consumed. 




Rather, poor children have deficient diets because the quantity of food 
consumed is inadequate (Lowe et al., 1975). 

Difierences in intake by ethnic background have mainly been confined to 
comparisons between black and white children. Variable patterns are 
discovered, depending on the nutrients studied. It is fairly consistently 
found that black children consume less riboflavin and calcium than white 
children. This has been related to lower intakes of milk among black 
children (Lopez et al., 1980). 

^ Other dietary problems among school-age children are indicated by food 
consumption and eating frequency patterns. Children consume a substantial 
portion of their total energy (approximately 33 percent) in between-meals 
snacks. At the same time, meal-skipping is not uncommon, especially among 
teenage girls. Food frequency data from HANES and the NFCS reveal that 
children are large consumers of desserts, candy, soft 'drinks and salty 
snacks. These patterns contribute not only to the deficient intakes shown by 
the surveys, but also to other problems such as obesity and dental caries. 

r 
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Table III-5. Surveys that Include Dietary Methods as Part 
of the Nutritional Assessment of School-Age Children 



AUTKOR(S) 
COttiENTS 



RATIONAL SURVEYS 

HCALTH AND HUTMITION 
EXAMINATIOH SURVEY (HAN'ES) 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONauSIONS 



Abrahax et al . 



197* 



Consents : (1) Risk of bias 
because response rate failed 
to meet the requirement of 
the original probability design; 

(2) Estimates are based on weighted 
observations, data Inflated to 

the level of the total population; 

(3) No statistical differences 
calculated between incoae and 
ethnic groups; *t) Above poverty- 
level bracks as f«w as 25 indivi- 
duals per cell (p. 2*5); (5) Used 
its own standards rather than 

the RDA (Table 3). 



20,7*19 persons 
1-7*J yearn old 
79* white 
20* black 
1* other 

2 incoae levels: 
poverty 

2*j~hour recall 



above and below 



Whites of high-income group had 
highest energy intakes and blacks 
of low-incone group had the lowest. 

Mean intakes of calcium and vitamin 
C were found to be satisfactory or 
better for 6-17 year olds of both 
incoae and ethnic groups. 



Mean vitamin A intakes were unsatis- 
factory in 12-17-year-old blacks In 
the above poverty group. 



Mean iron intakes in 12-17 year olds 
was 23* to 33* below standards. 

Black children, 6-11 years of age, 
in the low-lncoae group, had mean 
Iron Intakes 19* below standards. 



NATIONWIDE FOOD CONSUMPTION 
SURVEY (NFES) 

USDA, SEA, 1980 

Coaaents : Number of subjects 
In each age group not shown. 



$8 contiguous states 

8,661 Individuals in the 1977 
spring survey (i.e., children 
and adults). 

Approximately 33,000 for all 
H seasons during 1977-1978. 



21-hour recall plus 2-day 
record 

Conclusion fron 2*1-! our recall 
only 

Cooparlson of the 1965 and 1977 
survey 



Energy, fat, calcium, and protein 
Intakes of 6-18 year olds decreased, 
but iron and vitamin C intakes in- 
creased between 1965 and 1977. 

Intakes of protein, riboflavin, 
niacin, phosphorus, vitamin A, and 
vitamin B 12 were above 1980*RDA for 
all groups of school-age children. 



Children 6-8 years old obtained over 
100* of their RDA for all nutrients 
except for magnesium. 

All children ages 9-18 obtained less 
than 100* of the RDA for calcium, 
magnesium and vitamin Bg. Iron 
intake was below 100* of the RDA in 
all school age children except 
males 6-11 years of age. 



USDA. SEA. 1979 



15,000 households 

7-day data colleoted by inter- 
view with person responsible for 



Surveys amount of money spent on 
food both at hose and away from 
home. 
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Table III -5. Surveys that Include Dietary Methods as Part 
of the^Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR (S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



\ : — ■ 

food planning and preparation, and 
with aid of notes, shopping lists, 
etc; households had minimum 7 
days* warning. 



The average money value per week was 
highest in the Northeast, in subur- 
ban areas, and in snail households. 

Meals eaten away from none increased 
from 13% in 1965 to 19% in 1977. 
Snacks increased only from t 
to 5*. 



TEN STATE NUTRITION SURVEY 

Canter for Disease Control, 
1972 



Lowe et al. 



1975 , 



Children ages 12-16 years old from 
10 states and New York City 



Comments : (1) Yitamin and alneral 
supplements not Included; (2) 
Claims •significant correlation" 
(p-32) between incoae and 
ethnicity, but provides no statis- 
tical significance. 



1 , 027 persons 
1-3 years old 

270 white sales 
265 white females 
246 black males 
216 black females 

3i05$ persons 
12-16 years old" 
790 white males 
767 white females 
68i black males 
8l6 black females 

24-hour recall 



Conclusion : (i) Dietary data 
confirmed that a substantial number 
of children had .intakes below 
standards; (2)'-' A" significant 
proportion of the children were 
undernourished or at high risk of 
developing nutrition problems. 
Poor nutrition was found most often 
among blacks, then Spanish- 
Americans, and least among whites. 

With sex, race, age held constant, 
Intakes reflected socioeconomic 
status; nutrient Intakes increased 
with income (most striking for 
vitamin C). 

With income, sex and age held con- 
stant, black children had lower 
median intakes of energy and most 
nutrients than white children. 

Nutritional quality of diets 
expressed as mean amount of 
nutrients/ 1000 kcal showed little 
significant correlation with income 
or ethnicity. There was a signifi- 
cant correlation between lhcoae and 
nutrient density only with 
vitamin C. 

Conclusion : The quantity of food, 
rather than the quality, appeared 
to be the major dietary problem; 
i.e., inadequate energy Intakes 
rather than "unbalanced* diets. 



LOCAL SURVEYS 
Brunswick, 1969 

Coaaents : (1) Part of a larger 
study; (2) Investigated what 
adolescents view as their own 
health problem. 



New York City 
122 persons 
12-17 years old 



Pound 28$ of subjects not eatlnf * 
right kind of food, 12$ who did 
not eat the right amount of food, 
and 10$ who did not eat regularly. 
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Table III-5. Survey^ that Include Dietary Methods as Part' 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
COK>€NTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



V 



48* white 
32* Spanish 
jPN^^ack 



Interviewed by structured 
questionnaire. 



50* of white and black females 
data to eat too much; 20* of black 
females claimed not to have 
enough -to eat. 

Black females had poorer eating 
patterns than all other groups, 

50* of black males claim to eat 
more in snacks than in meals. 



Burroughs 4 Huenemann, 1970 



CoacheUa Valley, California 

. 101 children 

6 months to 9 years old 

1/3 of sample = 5-9 years old 

Energy intake data on 20 children, 
6-9 years old 

65* Mexican origin 

Diet history, 2U-hour intake, plus 
shopping list 



Mean iron intakes ranged from 7.3 to 
1».5 mg; intakes increased with age. 

Protein intakes were above 
allowance; animal protein consisted 
of 65*-85* of total. 

25* of the children received less 
than 80* of the RDA for energy. 

10* of 6-9 year olds received 120* 
of their RDA of energy. 

Intakes of vitamins A, C, thiamin, 
riboflavin, and niacin were high. 

All children but 4 exceeded 90 
mg/kg body weight/day fcr fiber, \ 
and adequate intake. 



Chriatakis et al . , i960 



New York City 
619 children 
10-13 years old 

56* female 

44* male 

64* Puerto Rican 
14* Chinese 
10* black 
6* white 
4* other 

tow income 

24-hour recall diet histories, 
and frequency of 6 food groups 



6.6* of the subjects were Judged to 
have excellent diets, 20.2* adequate 
diets, and 73.2* poor diets. 

Chinese had better diets than the 
other groups. 

Puerto Ricans had the poorest. 

Children from families that were 
not on welfare had twice the fre- 
quency of excellent diets compared 
to children whose families were on 
welfare. 

More subjects evaluated as obese had 
excellent diets than the others. 



.Table III-5. Surveys that\ Include Dietary Methods as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 
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AUTHOR (S) 
COMIEKTS 4 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



Baaed on the 196M RDA, diets were 
rated as excellent if 9 nutrients 
exceeded 1/3 RDA, adequate if the 
9 nutrients set 1/2 to "2/3 RDA, 
and poor if the 9 nutrients were 
less than 1/2 RDA. 



Daniel 4 Rowland, 1969 

CoMents: (1) Foods were divided 
into (roups (collapsed into five 
categories) and number of serv- 
ings counted" ; (2) Heal was defined 
as two or sore food items; 
(3) Ethnic breakdown not provided; 
. (*) Significant tests were not 
reported. 



Birmingham, Alabama 

268 children 

11-16 years old 

1*5 females! 
123 males . 

Low income 



Black and white 
24- hour recall 



Majority did not eat breakfast; mere 
boys ate breakfast and lunch than 
girls. 

More 16-18 year olds (both sexes)- 
ate evening meals than other age 
groups. 

Most snacks were, eaten at mid- 
afternoon. ' v 

More snacks were eaten at bedtime . 
than at midmorning. 

At ages- 12-15, girls ate more 
snacks.v - 

At ages 16-18, boys ate more snacks. 



Prank et al. , 1976 



Bogalusa, Louisiana 

165 children 

9-11 years old 

65) white 
35$ black 

2^-hour recall 



19$ of the boys and 25$ of the 
girls had energy Intakes below 67$ 
of the RDA. Energy was derived 
from protein (13$), carbohydrates 
(49$), and protein (38$)* Protein 
and fat were .derived mainly from 
animal sources'. 

33i of the subjects Ingested less 
than 67$ of the RDA for vitamins A 
and C, and for niacin. On the 
other hand, intakes over 100 
percent of the RDA. were noted for 
proteinrriboflavin, and iron. 

White females consumed the lowest 
levels of energy , 'protein, fat, 
carbohydrate, cholesterol, and 
sodium: All females, white and 
black, consumed a mean of 10 grams 
less protein than the males. White 
males had the greatest energy 
intakes of all groups. 

Average cholesterol Intake was 324 
og/day per person. Polyunsaturated 
to saturated fatty acid ratio was 
0.4. No statistically significant 
racial or sex differences were noted 
for fat and cholesterol intakes. 
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Table III-5. Sdpeys that Include Dietar^ Methods as Part 
of the NutritionalV Assessment of School-Age Children (Cont'd) 

. ~ y \ 



AOTHQR(S) SAWLE/ 



FINDINGS/ 



COHfCNTS _ METHODOLOGY t CONCLUSIONS 



f \ ' Average mean sugar intake was W 

V ' x grama, or 68 grams/ 1,000 kilo- 

calories. Sucrose Intake averaged 
98 grams, or 16 grams per 1,000 
kilocalories. White males and 
black females had a statistically 
significantly greater starch intake 
than white females <j> < .01), 

Sodium, intake ranged from 0.26 
^rams/perspn to 11,13 grams , Black 
. females Ingested a statistically 
"Significantly greater amount of 
sodium than the other ethnic-sex 
m groups <£ < ,05), 



Frank et al., 1977 
Comment ; Very small sample. 



Franklinton, -Louisiana 

68 children 

51? male 
\ m female 

' 72* black 
28* white 

69* 10- :2 years old 
31* 12-16 years eld 
0.4* 11 and over 

24-hour recall 



Mean energy intake" was 2,000 
•kilocalories per person. Energy 
came. from carbohydrate (48*)^ 
, fat (39*), and protein 03*). 

Kore than half the protein came 
from animal sources. 

Fat source was mainly animal, but 
only- 1/3 more from animal than 
from vegetable sources. ^ 

Sugar— mostly sucrose—made up 25* 
of the total energy intake. 

Mean cholesterof intake was 3^5 
mg/day/child. 

Protein and riboflavin intakes were 
adequate for most children. 

At least 33* of the males consumed 
less than 67* of the RDA for 
vitamin A, calcium, niacin, vitamin 
C, and iron. 

45* of the females received less 
than 67* of the RDA for vitamin A, 
vitamin C, iron, calcium, thiamin, 
and niacin. 

No significant associations were 
found between nutrient intakes and 
serum lipids, blood pressure levels, 
or anthropometric measurements. 



Greger et al., 1978 

Comment : Sample is not random. 



Ntrthwest Indiana 
Females, grades 6-8 



Subjects ate significantly 
<p_ < .05) more fat in fall than in 
spring; other nutrient intake 
remained same. 
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Table III-5. Surveys that Include Dietary Methods as Part 
of the^Nutritional Assessment of School-Age- Children (Cont'd) 



AUTHORS 
COttffiNTS 



SAMPLE/ - 
METHODOLOGY 



FINDINGS/ 
CONaUSIOHS 



183 in 1 the fall 

l8*J in the spring 

178 of above studied both fall 
and spring 

Diet recall and diet history 



rge amounts of protein were con- 
sumed, approximately 75 gm/day. 

Consumption of vitamins A and C 
varied greatly. 

Number of females consuming less 
than 2/3 RDA in certain nutrients 
was greater in spring than fall. 

Intakes of protein, vitamins A and 
^gl' and Ca were similar to HANES 1 
results. 

Mean intake of iron and zinc was 
60$ and 75*, respectively, of RDA. 

Over 1/2 of the females consumed 
less than 2/3 RDA for iron. 

Over 1/3 of females consumed less 
than 2/3 RDA for sine. 

Dietary intake of all nutrients 
except vitamin A were significantly 
(j> < .01) correlated to energy 
intakes. 



Hampton ct al., 1967 

Comment : Very small sample for 
conclusions by ethnicity and 
income. 



Northern California 

122 teenagers 

7.1 females 
51 males 



GO white 
25 black 
9 Oriental 

50 middle income 
35 upper -income 
9 low income 

7-day food records, H per 
subject 



The percentages of subjects that 
consumed less than 2/3 of the 196$ 
RDA in the following nutrients 
were: 



ascorbic acid 

calcium 

calories 

thiamin 

iron 



M ales 

31.3 

19.6 

17.6 

13.7 

11.7 



Females 
15.5 
*9.3 
15.5 
5.6 
57.7 



White males had significantly 
higher intakes than black males of 
protein, calcium, vitamin A v ribo- 
flavin, ascorbic acid. 

Oriental males had higher intakes 
than black males of protein, 
vitamin A, niacin, ascorbic acid. 

Vhlte males had higher intakes than 
Oriental sales of carbohydrates t 
calories, ascorbic rcid. 

Black males nad a mean intake of 
ascorbic acid that was below 2/3 
RDA. 
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Table III-5. Surveys that Include Dietary Methods as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR (S) 
OOWENTS 



SAMPLE/ 
HETH0DOL0CY 



FINDINGS/ 
CONCLUSIONS 



White females had higher intakes 
than black females of protein, 
calcium, riboflavin, ascorbic acid. 

i * 

There were no differences in 
intakes between white and Oriental 
resales. 

Black females had a mean intake of 
calcium below 2/3 RDA. 

All females had a mean intake of 
iron below 2/3 RDA. 

Kales from lower SES had mean 
intakes of calories and calcium 
below 2/3 RDA. 

females from lower and middle SES 
had mean intakes of calcium below 
2/3 RDA, 



Hard et- al,., 1958 

Comment: No information provided 
on how the sample was drawn, or 
on socioeconomic status. 



Washington State 

Snohomish and Yakima Counties 

124 females 
124 males 

15-16 years old 

7-day food record 

Results compared with the 1963 RDA, 
which for vitamin C were: 

Boys 13-15, 90 mg 
Boys 16-20, 100 mg 
Girls 13-20, 80 mg 



32* of the females had an intake of 
vitamin C of less than 50 mg/day. 

3 1 ** of the males had vitamin C 
Intakes of less than 60 mg/day. 

Females in Snohomish County consumed 
99* of the RDA for vitamin C, 
males 67*. 

Yakima County females received 74* 
of the RDA for vitamin C, males 88$. 

Mean daily Intakes of vitamin C 
were 62 mg for tho females and 
82 mg for the males'. 



Hodges & Krehl, 1965 

Comment : An extensive study of 
a large sample, but data on all 
aspects are available on only a 
small number. 

While the total sample Is strati- 
fied and random, no information 
is offered as to how the ■real" 
sample compares to the total 
sample. 



Iowa 

252 teenagers 
128 aales 

124 females ^ 
Grades 9-12 

Diet histories on "nutrition forms" 



Mean fat intake was 145 grass, or 
43.5 of the energy inU/e; females 
consumed 1 1 8 grams, or 46* of energy 
intake, and males 171 grams, or 495. 

Mean energy consumption was 2,450 
k i local or ies /day for females and 
3,500 for males. 

Mean protein consumption was 108 
grams per day, 97 grams for females 
and 129 for males. 

Protein provided 11.6* of the mean 
energy consumption. 
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Table III-5. Surveys that Include Dietary Methods as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTUOR(S) 
OOMWNTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



Protein Intake is associated with 
height <£ < .05) and with fatfold 
thickness of*, the scapula (j> < .05). 

Pat intake was associated with 
increased body weight <j> < .05) and 
increased serum triglycerides 
(£ < .05). 

A number of girls and boys skip 
breakfast, girls »ore often than 
boys; associated with lack of time 
or with family habits. 

If lunch waa consumed In the school 
it «s usually the balanced meal of 
the day. 

'If students left the .school build- 
ing, lunch nost often consisted of 
french frie3, a carbonated drink, 
and candy— sometimes with a 
hamburger. 

Snacking was common after school, 
while studying, and at bedtiae. 
Poods included milk, ice cream, and 
cheese. 



Kirkaey t t al. p 1978 



Northwest Indiana 
127 females 



Comments : (1) Vitamin and mineral 
supplements included in the 

analysis; (2) Some cells in the 61 in the spring 

analysis are as small as 5 sub- 66 in the fall 
Jects^O) Subjects are volunteers; 

(*) No socioeconomic status given. 12-1 8 years old 

2*J-hour recaU 



Intakes of the following nutrients 
were below 67$ of the FDA: 

Energy for 28$ of subjects; calcium 
for 29$; iron for 65$; vitamin A for 
69$; ascorbic acid for 29$; vitamin 
Bg for U6$. 

Mean intake of vitamin Bg wa3 1.2*1 
mg/day/person, or 79$ of the RDA. 

Conclusion : No significant 
seasonal effect found on intakes. 



Larson et al., 1974 

Comment : A form of food frequency 
was used that is referred to as 
"reliable 2«-hour dietary 
histories- (p.29). Method of 
analyzing data to obtain nutrient 
values «3 not described. 



Lower Rio Grande 
Valley, Texas 

298 Mexican-American 

Children up to 9 years of age 

83 6-8 year olds 

■2i|-hour dietary history" 



Mean protein, riboflavin, ascorbic 
acid, and thiamin intakes exceeded 
the 1968* RDA for all age groups; 
intakes were below the RDA for 
energy, calcium, and vitamin D were 
no more than 67$ of the RDA. 

Conclusion : Complex nutritional 
problems exist in this population, 
of which vitamin A deficiency is the 
most prevalent. 
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Table III-5. Surveys thal-vljiclude Dietary Methods as Part 
of the Nutritional Assessment 01" School-Agd Children (Cont'd) 



AUTHOR (S) 
COKWKTS 



METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



laskiriewski et al., 1980 



Cincinnati 

6-19 years old 

29* tallies 
230 white 
60 black 

158 females 
136 males 

24-hour recall, including Sundays 



Results from staple correlations 
between all parents and all 
children were the following: 

saturated fat £ < .01 

polyunsaturated fat £ < .01 
total carbohydrate £ < .0001 
calories £ < .0001 

cholesterol not significant 

Results from analysis of covarlance 
showed the following: 
cholesterol— between all parents 
and all children (£ < .001); poly- 
unsaturated fat— between all 
■others and all children (£ < 001). 

Interestingly^ proportion of vari- 
ation of children's nutrient intake 
accounted for by parental nutrient 
intake varied froa 23$ for 
cholesterol intake between all 
parents and all children, to 9?$ 
for carbohydrate intake between 
children and black fathers ever 
years of age. 

Black parent-child nutrient intakes 
had higher Multiple correlation 
than whites for carbohydrate, 
saturated fat, and energy. 



Lauer et al., ?975 

Coaaents : (1) No information 
on the method of dietary data 
collection; (2) No information 
about the subsaaple with 
dietary data (total staple c 4,829, 
approximately 96% white). 



962 school children 
6-18 years old 



79$ had no fat intake or under 15 gs 
for breakfast. u 

Ho difference by sex. 

Breakfast fat intake significantly 
correlated with serua triglyceride 
levels (£ < .001), but not with 
cholesterol levels. 



Lee, 1978 

Comments : (D Randoa sample, 
though not representative of the 
population by age and sex; (2) 
Income data only from those 
willing to disclose it; (3) Vita- 
min supplements not' Included in 
analysis. 



Central Kentucky 

1 1 8 teenagers 

12-19 years old 

72 females 
H6 males 

85 whites 
33 blacks 



Hean Intake of total fat, saturated 
fat, and cholesterol by males was 
significantly higher than by feaalcs 
(£ < .01). Energy derived from fat 
was as follows: 
white males: »2t 
white females: 40$ 
black males: *6$ 
black females: 38$ 

Mean intakes of cholesterol were 
the following (in mg): 
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Table III-5. Surveys that Include Dietary Methods as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
COMCNTS 



SAMPLE/ 
METHODOLOGY 



Mean f tally incase: 
*12,445 for whites 
t 7,82* for blacks 

24-hour recall 



{ FINDINGS/ 
CONCLUSIONS 



white aaiea: 475 

white fesales: 370 

black sales: 442 

black feaales: 263 



Meat) vita* In A 
(in I.U.): 
white aales: 
white fesales: 
black sales: 
black fesales: 



intakes were 

5,280 
2,425 
1,821 
4.560 



Mean riboflavin intakes were 
(in ag): 

white sales: 2.5 
white fesales: 1.4 
black aales: 1.6 
black fesales: 1.7 



Mean iron intakes were (in ag): 
white aales: 13 
white feaales: 9 
black sales: 1 1 
black fesales: f 9 

White sales had a higher intake of 
energy and' other nutrients, except 
ascorbic acid, than other groups. 

.Feaales-had lower .InUVts of 

nutrients other than ascorbic aclu 
than sales. 



The cost deficient nutrient Intakes 
(less than 2/3 RDA) were vitamin A 
for sales and calciua and iron for 
feaales. 



Black feaales had a significantly 
greater nuaber of snacks than other 
groups <£ < .01). 

26} indicated the use of vltasln 
suppleaents. 

Conclusions : (1) Wide range of 
intakes were observed In the 
staple; (2) High incidence of 
diet-related probless appears to be 
evident, e.g., low Intakes of 
calciua, vltaslns A and C, and 
irregular eating habits. 



Lopez et al., 198O 

Cossent: Staple is so saall 
that- 90s e cells have ie 33 than 
5 individuals. 



Mew York City 

141 adolescents 
13-19 years old 



Milk consuaptlon habits by ethnicity 
were the following: 69* of 
Hispanic, 74* of the whites, and 
41 % of the blacks consuaed 2 or sore 
glasses of silk/day. 
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Table Ilf-5. Surveys that Include Dietary Methods as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR (S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



8* Hispanic* 
32 black 
23 white 
2 other 

Diet history 



Conclusion : There appears to be a 
significant relationship <g < .02) 
between Bilk consuaption and ribo- 
flavin nutriture; teenagers, who 
reported to consume 3 or pore cups 
of Bilk per day were least likely 
to have riboflavin deficiency. 



Myers et al., 1968 



Boston 

332 children 
9-13 years old 

Equal nuBber Bales and females 

228 black 
9* white 
10 unknown 



*-day diet records 



The coaposltion of seals was 
evaluated and rated as satisfactory 
or unsatisfactory. 



Lunch was the poorest of the 3 
Berls (the schools had no lunch 
program) . 

Many of the children were eating 
poorly. 

There was low consuaption of milk, 
Beat, eggs, cheese, citrus fruit, 
green and yellow vegetables, 
aargarine and butter. 

Older children had poorer 
evaluations for aeals than younger 
children . 

Black children scored lower in 
every evaluation than whites, with 
a sharper deterioration with age. 

Males had poorer^ ratings for aeals 
than females. 

Females showed a more pronounced 
decline in eating habits with age. 



j O'Neal et al., 1976 

Comment : Both whites and blacks 
were included in this study; 
however, data provided for whites 
only, though conclusions are 
drawn by ethnicity. 



Missouri, statewide 

130 white children 

6-1 6 years old 

Broad income group 

Diet history questionnaire 



Following the 19?* RDA, r/»*ults show 
that the following proportions of 
the sample consumed less than 2/3 
RDA for iron: over 35$ of females 
over 10; over 15% of males 10-16; 
over 5$ of children 6-9. 

In the I0-l6-year-old group, 
approximately 305 of the females 
had iron intakes below 50$ of the 
RDA, but less than 10$ of the males 
In this age group had such low 
intakes. 



Prothro et al.» 1976 

Comment : Very small saaple, 

only 8 non-black individuals in 
this age range (part of a larger 
study of 102 individuals). 



Macon County, Alabama 
27 adolescents 
13-18 years old „ 



Dietary intakes were low in calciua, 
iron, and energy. 

Non-blacks had higher intakes than 
blacks of the following nutrients: 
energy *< 32$), protein (64$). carho- 
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Table III-5. Surveys that Include Dietary Methods a/ Part 
of the Nutritional Assessment of School-Age Children /Cont'd) 



AUTHOA(S) 

comms 



SAMPLE/ 
METHODOLOGY 



19 black 
8 non-black 

Low income 

3 2$ -hour recalls per 
participant 



FINDINGS/ 
CONCLUSIONS 



tydrate (82$). fiber (100$), fat 
(«$), 3odiua<t108$), and calcium 
(101$). x 

Ethnically, the differences were not 
statistically significant for 
females but were for males. For 
the following nutrients/ r non-black 
males had higher intakes of the 
following: 

protein (p. < .05) 
carbohydrate <£ < .05) 
sodium (p_ < .05) 

calcium (£ < .02) " * 

phosphorus (g < .05) 
vitamin D (p_ < .01, 

Blacks had higher intakes of the 
following nutrients, but differences 
were not statistically significart: 
vitamin A— 9$ folic acid— 100$. 



J 



Van de Mark 4 Wright, 1972 

Cements : Mo ethnic or socio- 
economic status information 
provided. 



Birmingham, Alabama 

IK pregnant females 
12-17 years old 

*0 non-pregnant females 
12-15 years old 

From the University of Alabama 
Medical Center 

3-day food intake records 



The iron intake of the pregnant 
females was more than 6 gm lower 
than the 1968 RDA. 

The mean intake of Iron by the preg- 
nant females was 10-15$ higher than 
non-pregnant females. 

Only 13$ of the pregnant and 15$ of 
the non-pregnant teenagers met 67$ 
of the ADA for folic acid; however, 
the intakes of folic acid of the 
pregnant females were higher than 
those of the non-pregnant females. 

Conclusion : The intakes of teenage 
females of certain nutrients, such 
as iron and folic acid, are below 
acceptable standards. Thus, 
pregnant teenagers may not be able 
to meet their ir -eased needs. 
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B - Mbat Nutrition-Related Conditions Have Been Identified with The Aid of 

Biochemical Techniques To fte P otential Problems Foe Sch ool-Age Children/ 
Biochemical measurements on tissues (e.g., liver, hair, nails, red blood 
cells) and body fluids (e.g., plasma, serum, urine) can \ be of considerable 
value for assessing the nutritional status of an Individual or a population. 
They frequently provide information about nutritional deficiencies before 
such deficiencies are manifest clinically. Studies of school-age children 
using biochemical measures of nutritional- status are summarized in Table 
HI-6. The methods of obtaining biochemical measurements and standards used 
for interpretation are discussed in Chapter II. 

Protein 

Most studies indicate that protein levels "are adequate in the school-age 
population. The Ten State Survey found that ' there were essentially no 
children with unacceptable concentrations of total serum protein or serum 
albumin. 



In HANES, there were no deficient or , low serum albumin levels among 6- to 
17-year-old children, above or below poverty. Low values of total serum 
protein were also virtually non-existent among blacks. However, white 
children did show some evidence of low total serum protein. The highest 
prevalence (approximately 4.7 percent) was shown in 6 to 11 year olds in the 
above-poverty group. The HANES authors specul ,e that "the differences in 
total serum protein are due to higher levels of gamma globulins in low-income 
children and blacks (Abraham et al., 1 9 7l). Gamma globulin levels are not • 
good indicators of nutritional status. The levels in blood serum normally 
increase as part of the body's resistance to infectious disease'. 

A small study of 50 low-income black children reported by Bell (1971) found 
that over 38 percent of the children had low total serum protein values. The 
average albumin/globulin ratio was 1.46, which is much lower than ratios 
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reported for white children and for black children of higher socioeconimic 
status. This inding conforms with the HANES data. 



Vitamin A 

Vitamin A nutriture is usually assessed by measuring plasma or serum levels 
of either vitamin A or carotene. There is some controversy among researchers 
j who have investigated vitamin A nutriture through biochemical means about the 
extent and severity of deficiency of the vitamin among the school-age 
population in the U.S. Although vitamin ^ deficiency does not appear to be 
Widespread, it has been discovered in subgroups of the low-income population. 

In the Ten State Nutrition Survey, from 30 to 50 percent of Spanish-American 
children" under ;17 years of age had low or deficient values for vitamin A 
(Center f.or Disease Control, 1972). These children came primarily from the 
state of Texas. Similar results have been obtained from some of the local 

> 

studies. For example, Larson et al. (1974) found low vitamin A levels in 33 
to 50 percent of Mexican-American children in the* lower Rio Grande Valley in 
Texas. These authors also claim to have discovered clinical signs that could 
be related to vitamin A deficiency in a large proportion of the children. 
There is little, available evidence of vitamin A deficiency among Hispanic 
children in other states. 

Other ethnic groups appear to have fewer vitamin A problems. In the Ten 
State Survey, low vitamin A values were seen in only 1.5 percent and 10 
percent of white and black children, respectively. Two of the smaller 
studies (Lee, 1978; Prothro et al., 1976) also found that b]ack children had 
a higher prevalence of low serum vitamin A values than whites. Bell (1971), 
studying only black children, found jthat 18 percent had very low serum 
vitamin A values and that 6 percent were classified as deficient. 

The prevalence of low serum vitamin A values found in HANES was generally 
lower than that found in the Ten State Nutrition Survey and the local 
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surveys. Low values were found for fewer than 4 percent of 6- to 11-year-old 
white children and fewer than 2 percent of 6- to 11-year-old black children 
in the below-poverty group. In the above-poverty group, fewer than 1 percent 
of black or. white children aged 6 to 1 1 had low serum vitamin A values. In 
the 12-to-17 age group, none of the subgroups by race or income had a 
prevalence of low vitamin A values greater than 0.3 percent. 

The HANES data show a progressive increase in vitamin A values with age in 
all sex, race and income groups. However, the standards currently in use for 
children are not differentiated by age. It is possible that the use of 
standards that are inappropriate for older children underestimates the 
prevalence of vitamin A deficiency (Sauberlich et al., 1971). 

Vi min C 

Vitamin C is usuafly measured in surveys by serum concentrations. Vitamin C. 
data from HANES have not been released and only the Ten State Survey and a 
few smaller scale studies have information about vitamin C status. 

The Ten State Survey data showed a positive relation between serum vitamin C 
levels antf. dietary intake. The investigation concluded that the data "do not 
show cause for serious concern with vitamin C nutriture of the populations 
surveyed^. In all subgroups of the population there was generally a low 
prevalence of deficient and low vitamin C values" (Center for Disease 
Control, 1972). 

Among teenagers in Central Kentucky, Lee (1978) found that, more black 
children had low values for vitamin C than whites. Reisinger et al. (1972), 
studying Navaho children in Arizona, found that serum vitamin C levels of 6- 
to 16-year-old children were at or above acceptable levels. 
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Iron 

Iron nutriture is usually assessed by measuring blood hemoglobin 
concentration or hematocrit (packed cell volume). Anemia, i.e., unacceptably 
Low values for blood hemoglobin and hematocrit, is caused by iron 
deficiency. However, anemia may also be caused by factors ether than iron 
deficiency, e.g., deficiencies of folacin and vitamin B^. Therefore, 
measurements of hemoglobin and hematocrit must be supplemented with more 
specific tests before anemia can be attributed to iron deficiency. These 
tests include serum iron levels, percent saturation of transferrin, and 
plasma or serum ferritin » These tests are described in Chapter II. 

Hemoglobin or hematocrit have most often been used to evaluate iron status in 
the nutrition surveys, summarized in Table III-6. Low values for hemoglobin 
in school-age children have been described in various studies as ranging frou 
less than 2 percent to over 40 percent, depending on the age, sex, ethnic 
background arid income levels of the groups studied. 

The Nutrition Surveillance Program (Nichaman & Lane, 1979) found that 15 to 
20 percent of the 6- to 18-year-old population had hemoglobin levels below 
standa/ds and that 30 peVcent of th.e same age group had hematocrit levels 
below 7 standards. The prevalence of low hemoglobin levels among teenage 
females was somewhat higher than the prevalence among teenage males (i.e., 18 
percent vs 15 percent). 

The Ten State Nutrition Survey and HANES found that hemoglobin values of 
black persons at all ages averaged 0.5 to 1.0 g/dl lower than those of white 
individuals , even when the subjects' incomes were matched (Garn, 1976). This 
affects estimates of the prevalence of iron deficiency found according to 
race. For example in HANES only 1 percent of 6- to 11-year-old white 
children in the below-poverty group had low hemoglobin values, while 7.1 
percent of black children in the same age and income group had low 
hemoglobins. In the income group above poverty, at ages 6 to 1 \ . the 
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prevalence of low hemoglobin was 1.6 and 7.6 percent for whites and blacks, 
respectively. In the 12-to-T7 age group, 3.7 percent of lower income white 
children had low hemoglobin values, while 20. H percent of lower income black 
children had low values. Corresponding percentages for white , and black 
children above poverty were 2.5 and 15 percent (Abraham et a?., 1974). 

The same difference in hemoglobin levels between white and black children has 
been discovered in many of the local surveys (e.g., Daniel & Rowland, 1 969 ; 
Frerichs et al., 1977; Dallman et al., 1978; Lee, 1978.) 

In the study of over 1,000 children in Bogalusa, Louisiana, tne mean 
difference in hemoglobin between blacks and whites was .61 g/dl (Frerichs et 
al., 1977). Dallman et al. (1979) studied data from multiphasic exams given 
to 1,718 white, 711 black, and 315 Oriental children in California. All were 
healthy and non-indigent. The median hemoglobin for blacks was .5 g/dl lower 
than the medians for white and Oriental children. This difference persisted 
when all children with abnormal hemoglobins and hematocrits (5 percent or 
more below the normal mean for age) were excluded from the results. These 
findings make it .difficult to evaluate the prevalence of iron deficiency 
anemia in black children on the basis of hemoglobin values. Dallman et al. 
(1979) estimate that when the typical difference in mean hemoglobin levels 
between black and white children is taken into account, the prevalence of 
iron deficiency anemia is similar in the two groups, and that most studies 
consequently overestimate the prevalence of iron deficiency in black children 
by as much as 10 percent. 

Tests of serum iron or transferrin saturation have been recommended as a way 
of supplementing the information obtained from hemoglobins and hematocrits 
(Fomon, 1977; Christakis, 1973). A serum iron below 50 g/dl and transferrin 
saturation less than 16 percent are used as criteria to indicate iron 
deficiency in children 6 to 12 years of age (Christakis, 1973). Recently the 
measurement of serum ferritin has gained prominence as the preferred 
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technique for determining iron stores; however, values for school-age 
children were not obtained in any of the national surveys. 

No school-age group in HANES had a prevalence of low serum iron values 
greater than 5 percent. HANES did find "evidence of iron deficiency with 
anemia for children and adolescents based on a relatively high percentage of \ 
-low transferrin saturations" (Abraham et al., 197*0. The prevalence for 
children aged 6 to 11 ranged from 8.9 percent (low-income blacks) to 17.7 
percent (low-income whites). In children aged 12 to 17 years, the prevalence 
of low transferrin saturations was 6 percent (high-income whites) to 12.5 
percent (low-income blacks ). \ 

The small-scale studies have produced variable findings for serum iron and 
transferrin saturation, depending on the geographic location and ethnic 
background of the subjects. Estimates of the prevalence of unacceptable 
values are generally higher than those found in the national surveys. For 
example, in Arizona,, low valjues of serum iron among Navajo children ranged 
from 9 percent for 13- to 16-year-old males to 23 percent for 6- to / 
12-year-old females (Reisinger et al., 1972). In the same study, 
unacceptable values for transferrin saturation ranged from 22 percent for 13- 
\to 16-year-old males to 50 percent for 6- to 12-year-old males; females had 
unacceptable values f ranging from 30 . percent in 6 to 12 year olds to 36 
percent in 13 to 16 year olds. Burroughs and Huenemann (1970) report that 88 
percent of Mexican-American children in California had serum iron levels that 
.fell below standards. O'Neal et al. (1976) studied white children in 
Missouri and found low serum iron values in 25 percent of females 6 to 9 
years old and 17.5 percent of children of both sexes 10 to 1 6 years old. 

B vltamin3 

Measurements of urinary thiamin and riboflavin were performed in the Ten 
State Survey and HANES. The tests are based on a correlation between 
deficiencies of these nutrients and decreased excretion in the urine. HANES 
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data for these nutrients have not been released, but the Ten State Survey did 
not find a high prevalence of low and deficient values for thiamin in 
children aged 6 to 9 years-the ranges were from 4.1 percent to 9.1 percent. 
Percentages of children with low or deficient values in the 10-to-l6 age 
group were higher, from. 9 = 7 percent to 17.6 percent. The prevalence of 
deficient and low urinary thiamin appears to be unrelated to' ethnic 
background or economic Status (Center for Disease Control, 19721 . These 
findings are not easy to interpret because of .the lack of information on 
normal urinary ^excretion levels for thiamin in children (Sauberlich, 1974), 

According to the Ten State results, riboflavin deficiency could pose a 
potential problem for 10 to 16' year olds, particularly young persons in 
low-income-ratio states (Center for Disease Control, 1972). The prevalence 
of low and deficient urinary riboflavin values for children in the low-income 
states was 32.7 percent. Other, local studies have also raised concern about 
riboflavin status among low-income children. For example, a study by Lopez 
et al. (1975) of 100 low-income children in New - York City found that 10 
percent of the^ children showed low biochemical values for riboflavin. More 
recently, Lopez et al. (1980) studied riboflavin status in an ethnically 
mixed sample of children aged 13 to 19. This time the investigators measured 
riboflavin using the activity of glutathione reductase in red blood cells 
(see Chapter II). Overall, 23 percent of the sample of 210 children showed 
evidence of riboflavin deficiency. The breakdown by ethnic background showed 
that 34.5 percent of blaeks7~'l9'".8 percent of Hispanics and 15.4 ^percent of 
whites had def icient /riboflavin levels. 

/ 

Biochemical evidence of problems with other B vitamins is limited to a few 
small-scale studies. Some studies have shown that teenage girls are in poor 
folate status. Van de Mark and Wright (1972) measured whole blood folic acid 
in 114 pregnant and "0 non-pregnant girls aged 12 to 17. Average blood 
levels of foi\ic acid fell below standards. The authors conclude that their 



9 

ERIC 



\ 



\ 



findings indicate that dietary intakes of folic acid are inadequate among'' 
adolescent females. Other studies have shown that blood levels of folic acid 
among teenagers are generally adequate (Daniel et al., 1975; Prothro et al., 



1976). 

Kirksey et al. (1978) conducted l a study of vitamin B 6 i eve is in 127 teenage 

girls aged 12 to '1i). Approximately 31 percent were found to have adequate 

vitamin B 6 levels, as measured by a test of an enzyme (erythrocyte alanine 

aminotransferase) which is dependent upon vitamin B, for its functional 

b 

activity. 

/ 

The only study known to have assessed the status of vitamin B i n 

"12 

school-age children (Prothro et al., 1976) found that levels were adequate on 
average, but were ' si'gnificantly higher in females than in males and in blacks 
than in whites. 

The sample -sizes in all of these, studies were fairly small and not 
necessarily representative of their respective populations. More research is 

needed to evaluate the status of folic acid, vitamin and vitamin B 

i. , » o 12 

among school-age' children. \ 

\ 

Trace Minerals \ 

Although there is -some concern that l6,w levels of zinc and other trace 
minerals mky be common, no large-scale studies of school-age children have 
examined these nutrients. Greger et al. (1978) examined zinc and copper 
status of sixth-to-eighth-grade girls in Indiana using both hair .and red 
blood cell analyses. They found that, although dietary intakes for zinc 
averaged between 60 and 75 percent of the RDA, only 2 percent of the girls 
had low zinc values. The prevalence of low blood values of copper was 3 
percent. Further research must be done to determine whether trace mineral 
deficiencies constitute a child nutrition problem in the United States. 
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Cholesterol 

Elevated levels of serum cholesterol are a risk factor for cardiovascular 
disease among adults (Kannel et al., 19711 Chapman & Massey, 1964). Although 
•the relationship between diet and serum cholesterol levels is far from clear, 
there is a general consensus that at least part of the prevalence of high 
serum cholesterol values in a population has a nutritional origin. Because 
cardiovascular disease may actually begin in childhood, some authorities 
recommend that measurement of serum cholesterol should be a routine part of 
child health screening (Fomon, 1977). 

Serum cholesterol values for children H to 17 years of age have been reported 
in data from HANES (NCHS, Series 11, No. 217, 1980). Children aged 6 to 11 
years had higher average serum cholesterol levels than children aged 12 to 17 
years, As family income increased from less than $U,000 ! to $15,000. or more 
per year, the mean cholesterol levels of children H to 17 were stable within 
a narrow range of 166.9-168.1} mg/dl. At each income level girls had higher 
mean cholesterol levels than boys, except in the range from $4,000 to $6,900 
per year, where the average levels of boys and girls were nearly the same. 

Differences in serum cholesterol levels were observed by race. Black females 
aged H to 17 generally had the highest mean serum cholesterol levels, 
followed by black males. White males had the lowest mean serum cholesterol 
levels. Among black and white females, those from families with incomes of 
$10,000 or more had the highest mean serum cholesterol levels. 

Serua cholesterol levels were also measured in several of the local studies 
(Williams et al., 1979; Frerichs et al., 1977; Christakis et al., 1968; 
Foster et al., 1 967 ; Hodges & Krehl, 1965; Lee, 1978; Myers et al., 1968). 
In one early study by Hodges and Krehl (1965), 15 percent of teenagers in 
Iowa had serum cholesterol values over 200 mg/dl. Christakis et al. (1968) 
found that 25 percent of white children 10 to 13 years old in New York City 
had high (i.e., over 200 mg/dl) serum cholesterol levels. 
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Meyers et al. (1968) studied 297 children in Boston and found that the 
average cholesterol values were lower than averages reported in other 
studies—only 9 percent of the sample had values above 200 mg/dl. 

In Muscatine, Iowa, the average serum cholesterol value of mainly white 
children 6 to 18 years of age was\l82 mg/di. No variation was seen by age or 
sex (Lauer et al., 1975). In Kentucky, Lee (1978) found that black children 
had higher eholw/cerol levels than whites. Frerichs et al. (1977) also found 
higher serum cholesterol levels among blacks. Mean values were 162 mg/dl for 
white children and 170 mg/dl for black' children in the Bogalusa sample. No 
consistent differences were found for male's and females. 

\ 

Some investigators have attempted to relate serum cholesterol levels in 
children with other health and nutritional factors. For example, Lee (1978) 
found that serum cholesterol levels correlated inversely with the anount of 
physical activity reported by the children. A positive association between 
fatfold thickness and serum cholesterol levels was found by Hodges and Krehl 
(1965), but serum cholesterol remained negatively associated with total body 
weight. Foster et al. (1977) found a positive relationship between 
ponderosity (weight/height) and serum cholesterol levels. 

None of the studies have found consistent associations between cholesterol 
levels and dietary intake. Hodges and Krehl (1965) found a positive 
relationship between sugar intakes and serum triglyceride (i.e., fat) levels, 
but no relationship between diet and serum cholesterol. Frank et al. ( 1 978) 
found that children with the highest serum cholesterol levels had higher fat 
intakes but lower total carbohydrate and sugar intakes than children with the 
lowest serum cholesterol levels. 

Serum cholesterol levels appear to be relatively stable during childhood. In 
a follow-up study, Clark et al. (1978) found that 50 percent of the children 



364 

311 



initially in the highest quintile for serum cholesterol levels remained in 
the highest quintile six years later. The long-term effects of high serum 
cholesterol and other blood lipids during childhood need to be studied. 
Further aspects of this problem are discussed in the section of this chapter 
that summarizes clinical signs of nutritional problems. 

Discussion 

'fable III-6, which follows, summarizes surveys that have used biochemical 
metnods to identify problems of school-age children. In general', biochemical 
deficiencies of nutrients appear to be less common among schooi-age children 
than deficiencies in dietary intake; however, problems are seen in certain 
subgroups. ' 

Iron deficiency is the most frequently reported problem. The exact 
prevalence of this condition is difficult to establish. HANES data for white 
children show that the prevalence of low hemoglobin value's is between 1 
percent (6 to 11 year olds below poverty) and 3.7 percent (12' to 17 year olds 
below poverty). The ^figures for non-whites are less pertain because 
hemoglobin standards currently in u; may not be appropriate, at least for 
black children. Surveys generally show the prevalence of jLow hemoglobin to 
tye several times greater in blacks than in whites, but the figures may be 
overestimated. Some investigators believe that if race-specific standards 
were used, the prevalence of low hemoglobin levels among black children would 
be comparable to the prevalence ?.mong whites (Dallman et t al., 1979). Other 
indicators of iron deficiency suggest that school-age children have^ reduced 
iron stores. Sarum ferritin, which is generally recognized as the best 
measure of iron stores, was not reported in HANES, but HANES data show 
unacceptable values f transferrin saturation in roughly 8 to 18 percent of 
the school-age poj tion. The other surveys reviewed in this chapter 
suggest that some subgroups of school-age children experience higher rates of 
anemia and greater reductions in iron stores than the national data from 
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HANES would indicate. For example, anemia rates from the Nutrition 
Surveillance Program at the Center for Disease Control range from .15 to 30 " 
percent (Nichaman & Lane, 1979). 

Deficiencies of other nutrients are not reported as consistently in the 
literature as deficiencies of iron. For example, low serum values of vitamin 
A have been reported among low-income Mexican-American children (Ten State 
Nutrition Survey-, Larson et al., 1977), but other studies, including HANES, 
have failed to show high rates of deficiency. Riboflavin may also be a 
problem for some segments of the low-income population, A large proportion 
of 6- to 10-year-old children in the Ten State Survey (i.e., 32.7 percent) 
had low or deficient values of riboflavin, as did two groups of low-income 
children in New York (Lopez et al., 1975, 1980). 

Other nutrients have not been studied extensively in children. Limited 
evidence suggests that folic acid, vitamin B gf and trace minerals such as 
copper and zinc should receive attention in future investigations. 

Some studies show that school-age children may be at risk of developing high 
serum cholesterol levels. Mean values are reportedly within normal limits, 
but several local studies found relatively large numbers of children with 
values over 200 mg/dl (Hodges & Krehl, 1965; Christakis et al., 1968). High 
values, once established, appear to persist for many children. There is a 
need for continued research on the factors associated with serum cholesterol 
levels in children and relationships between childhood levels and adult risk 
for cardiovascular disease. 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children 



AUTHOR (S) SAMPLE * FINDINGS 

COMMENTS METHODOLOGY CONCLUSIONS 



NATIONAL SURVEYS 



HEALTH AND NUTRITION 
EXAMINATION SUKVET (tlANES) 

Abraham el al., 197* 

Comment : 12-17-year-old group 
not cross classified by sex 
"because of sample size conM- 
deration* (p. 11), 



20,7*9 persons 

1-7* years old 

79* white 
20* black 
1* other 

2 income levels: above and below 
poverty 



Hemoglobin: >Ages 6-11, less than 
10* of blacks of both Income groups 
showed unacceptable values; however, 
ages 12-17. over 20* of below- 
poverty-level, and approximately 
15* of above-poverty-level, showed 
unacceptable values. 

Hematocrit: Almost 30* of below- 
poverty-level tnd/20* of sbove- 
poverty-level haG unacceptable 
values. 



Serum iron: Generally, blacks had 
a slightly higher percent of low 
values In the 6-17 age group than 
whites did. 



Transferrin saturation: In the 
6-11 age group, whites had a higher 
proportion of low values than 
blacks at both income levels; 
however, In tne 12-17 age group the 
reverse was th** ''ase at both income 
levels. 



Jonnson & Abraham, 1 979 



20,7*9 persons 

1-7* years old 

79* white 
20* black 
1* other 

2 income levels: 

above and below poverty 



Scrum protein: For all of the 6-17 
age group, whites had a higher 
proportion of low values at both 
Income levels than blacks. 

Serum albumin: Values for all 
school-age children were at cr 
above acceptable standards. 

Vitamin A: Values for all school- 
age children were at or above 
acceptable standards. 

Males 6 to 11 had a mean hemoglobin 
value of 13-2 g/dl. This value In- 
creased to 1*.6 g/dl in 12-17 year 
olds. 

White males had values that were 
approximately 1.0 g/dl higher than 
blacks. 

Females 6-17 had a mean hemoglobin 
value of $3-6 g/dl. The values for 
white females were 0.6 g/dl higher 
than for blacks. 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of Sehooi-Age Children (Cont'd) 



AUTHOR (S) 

cok>cn;s 



5AKPLE/ 
METHODOLOGY 



St 



FINDINGS/ 
CONCLUSIONS 



NUTRITION SURVEILLANCE SYSTEM 

Nichaman * Une, 1979 

Comasnta: The sample consists of 
persons attending public health 
clinics in the particpating 
states. Data are as reported 
by the clinics; analysis of blood 
samples is not performed by CDC. 



1,2t>8 males 
1.264 resales 

6-t7 years c4d 



The following percent of males had 
low hemoglobin levels: 
19.25 of 6-9 year olds 
16.7% of 10-12 year olds 
15.0* of 13-17 year olds 

Tne following percent of females hai 
low hemoglobin levels: 
19.1% of 6-9 year olds 
16% of l0-T2-year-oid3 
18.4J of 13-17 year olds 

The following percent of males had 
low hematocrit levels: 
31. 2% of 6-9 year olds 
21.3* of 10-12 year olds 
13.8% of 13-17 year old* 

The following percent of females had 
low hematocrit levels: 
28.** of 6-9 year olds 
19. 4* of 10-12 year olds 
14.0% of 13-17 year olds 



TEN STATE NUTRITION SURVEY (TSNS) 
Center for Disease Control, 1972 



ncoae-ratio* states: 

1, 168 white males 
1,572 white females 
2,987 black males 
4,850 black females 

815 Spanish-American males 
1,159 Spanish-American females 

High-income-ratio states: 
4,847 white males 
6,125 white females 

920 Dlack males 
1,529 black females 
1,095 Spanish-American males 
1,636 Spanish-American females 



C onclusion : Adolescents between 
10-16 years of age had the highest 
prevalence of unsatisfactory 
values. Kales exhibited more 
evidence of malnutrition than 
females. 



Martin 4 Beal, ?9?8 



40,847 persons 

Low-incooe-ratlo states 
Kentucky, Louisiana, Soutn 
Carolina, Texas and West Virginia. 



High-inccme-ratio states: 
California, Massachusetts, 
New York, and Washington. 



Michigan 



The standard for males over 12 
ytars old was 1.5 g/dl higher than 
for females. 



Spanish-American children from low- 
income states showed low plasma 
vitamin A levels. (There was no 
supporting clinical evidence of 
deficiency . ) 

Low blood levels for hemoglobin and 
hematocrit were found in all 
segments of sample. 

For blacxs, values related to iron 
nutriture were lower than for 
whites. 
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Table III-6 . Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR* S) 

cotvnns 


SAMPLE/ 
METHODOLOGY 


FINDINGS/ 
CONCLUSIONS 


Adolescent oales showed a high 
frequency of low hemoglobin levels. 


LOCAL SURVEYS 






Bell, 1971 

Consent: Standards not defined 
by age and sex groups. 


Nortn Nashville, Tennessee 

50 black children 

Average age 9.6 years (includes 
Infants) 


The average henatocrlt was 38.8%; 
l0f*Jiad values less than 3^5. 

18% of the subjects had very low 
serup vitasin A levels; 61 were 
classified as deficient. N '• « 




58% aal es v 
*2J fcxales 

Low lncose 


6% had .low serum ascorbic acid 
levels. Over 38% had low total 
serua protein levels; 22% of these 
were deficient . 



0 



Criteria for lo** and deficient 
levels were froa the InterdCpart- 
aental Coaaittee on Nutrition for 
National Defense (1963). 



The average albuain/globulin ratio 
was 1.^6, considerably lower than 
values reported for white and black 
children of higher SES. 

Conclusion : 6* -percent of the 
population examined exhibited low 
or deficient levels of nutrition. 



Burroughs & Beunesann, 197O 

Consents: ( 1 ) Standards rot 
defined; (2) Cannot separate 
school-age froo other children, 
thus findings apply to the 
entire population. 



Coachella Valley, California 
168 children 
6 aonths to 9 years old 
&M Mexican origin 



52% of the saaple had hesoglobirj 
values below standards, 88% had 
serua iron levels below standards 
and iron-binding capacity above 
standards. * 



Chrlstakis et al., 1968 

Coestent . Saaple Is ssaU for 
analysis by ethnicity. 

\ 



New York City 

6*2 children 

10-13 years old 

56% feeales 
**»% aale 

61% Puerto Rican 
14% Chinese 
♦C> black 
8% white 
1% other • 

Low incoss 

A heaoglobin level of 10 g/dl or 
less was considered to be deficient. 



3% of the saaple showed deficient 
hemoglobin levels. 

*.6% of the oales and 7.6% of the 
females had hematocrit values of 
under 35%. 

Blacks had the lowest aean hemato- 
crit values, and whites had the * 
highest sean values. 

Females exhibited significantly 
lower aaino acid ratios than males 
(£ < .01). 

38% of the Chinese ha* 4 Mean 
Corpuscula- Voluae (HCV) of 95 and 
over, while only 18% of the other 
students did. 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



Dallman et *1 . , 1978 



San Francisco 

2,77* children 

5-1* years old 

1,718 white 
7*1 black 
315 Oriental 



AUTHOR* S; 
COMMENTS 


SAMPLE/ 
METHODOLOGY 


FINDINGS/ 
CONCLUSIONS 


i K 251 of wfiite subjects had 

cholesterol levels of 17* eg and 
higher. 


Clark et al., 1978 

Comsent: Tri*lvcerid«s done 
only 2 and * years follow-up. 


Muscatine, Iowa 

8,909 school children 

5-18 years old 

8l6 repeated after 6 years 


For cholesterol, 6-year follow-up 
correlation was 0.6l; however, 5?J 
of the children originally in the 
lowest quintile were there after 6 
years, and 50* of those initially 
in the highest quintile also 
remained there. 


S 


50% sale 
501 female 





Median hemoglobin values were con- 

istentl) lower among black children 
than aaont whites or Orientals of 
the same sex and age. These 
differences persisted when abnormal 
values were excluded. 

The difference was largest in males 
aged 10-1* and least in children 
aged 6-9. 

Median hemoglobin values for black 
children were 0.5 g/dl lower than 
values for whites ->r Orientals. 

Values of Orientals and whites were 
almost identical. 



Daniel et al., 1975 



Blrainghaa, Alabama 

*5l adolescents 

12-17 years old 

2 income levels: 
low and middle-upper 

tow income sample: 
130 black males 
116 black feaal es 
67 white males 
50 white females 

Middle-upper income 
sasple: 88 white females 



Plasma folate concentration 
decreased as the maturity ratings 
of the subjects increased for both 
sexes (£ < .OOOlJ. 

There appeared to be no relation- 
ship between folate levels and age. 

Females had higher plasma folate 
values than males and the mtddle- 
upper-incoae < .05) females' 
values were higher than low-incooe 
females (j> < .0001) . 

Conclusions : (J) Maturity appeared 
to be a significant factor as 
opposed to age; (2) Plasma folate 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of' School-Age Children (Cont'd) 



AUTHDB(S) SAMPLE' FINDINGS/ 

COrttENTS METHODOLOGY CONCLUSIONS 



levels were higher in girls than 
In boys; however, dietary folat • 
intake was vice versa: (3) racily 
incooe did not appear to be a 
significant factor. 



Daniel 4 Rowland^ 1969 

Comaents : (1) Comparisons &ade 
with other groups without data 
or docuoentation; (2) Host studies 
use 12 g.'dl as the hemoglobin 
criterion for iron deficiency In 
adolescent boys. 



Biralnghxta. Alabana 

268 b*ack a^d white children 

1 1- 13 years old 

195 fenales 
123 sales 



Heaoglobin levels were acceptable, 
after excluding 1 boys and 6 girls. 



incooe 

11 g/dl as heaoglobin "noro" for 
both boys and girls 



Poster et al., 1977 



Bogalusa, Louisiana 

3.521 children 

5-1U years old 

37% black 
63$ white 



Vhite sales ano to a lesser extent 
white females showed a positive 
correlation between "ponderosity 
(V/H3) and'serua cholesfcero) 
and triglyceride values. Black 
children showed this correlation 
only with triglyceride levels 



Frank et ai 



1978 



Bogalusa, Louisiana 
10 year olds 



The nean heaoglobln of the sample 
was 12. 9*. 

9.7* of toe blacks and 3.5* of the 
whites were ranked as having low 
hesoglobin according to TSNS 
standards . 



There appeared to be no significant 
relationship between dietary iron 
intake and heaoglobln levels. 

total serum cholesterol averaged 
16I rtg? for males and 68 agJ for 
females. 



Children with aiddlc and hign serua 
cholesterol values* showed signifi- 
cantly greater fat intakes than 
those with the lowest cholesterol 
levels. A reverse of that relation- 
ship was 'shown for carbohydrate an^ 
sucrose levels. 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AOTHOR(S) SAMPLE/ FINDINGS/ 

COWCNTS METHODOLOGY ri CONCLUSIONS 



Children with the lowest serua 
triglyceride levels had the highest 
vegetable fat intakes. 



Bogalusa, Louisiana 

**,08l children 

2-1/2-1* years old 

70* white 
3G1 black 

Acceptability of hesoglobln levels 
defined by National Nutrition 
Survey Standards. 



Vhite children had significantly 
higher levels of heaoglobin than 
black children at all school ages. 

Prevalence of low heaoglcbin was 
7.*J in white children and 21.9$ 
in black children. 

Prevalence of deficient hcooglobi.i 
was 0.7* aaong white children and 
3.1$ in blacks. 

Significant raoial differences 
persisted for children froa siailar 
socioeconomic groups. 



Frerichs et al. , 1976 



Bogalusa, Louisiana 

3,**6 children 

5-1* years 

635 white 
37* black 



Hean value of serua cholesterol for 
whites was 162 ag/dl and for blacks 
was 170 ag/dl. The difference is 
statistically significant. The 
values follow normal distribution 
curves for both races. 

No consistent differences in serua 
cholesterol levels between sales 
and feaales were found. 



Mean triglyceride values were 73 
ag/dl for whites and 61 ag/dl for 
blacks. The curve is skewed toward 
high values. 

Triglyceride values increase with 
age, but only slightly in blacks. 

Cholesterol levels decrease at 
puberty, particularly in boys. 



Gregor et al., 1978 

Cpaoent: Saople was not 
representative of any population. 



Northwest Indiana 

resales 

Grades 6-A 

^83 in tie fall 
18* in the spring 

178 of above studied in both 
fall ind spring 



Zinc content of subjects' hair sta- 
ples were higner than content 
reported in adults. % 

No subjects were classified in poor 
Zinc status bnsed on Strain's < 1 966 > 
criteria . 

By statistical analysis, zinc 
levels in hair and serua saaples 
inversely correlated. 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



aUTHOR(S) 
COHKEKTS 



SAKPLE/ 
KETH0D01OGY 



FINDINGS/ 
COHaUSlONS 



\ 



AH had hair 2inc concentrations 
greater than 100 acg/go. 

Hair tine levels were greater in 
the fall than in the spring 
(£ < .OODfc, however, no 
differences^ in dietary 2inc intake 
were noted between the two seasons. 

Sera* 2inc levels: 3$ had less 
than 70 mcg/lOOol. 

Zinc in hair and in serua were 
inversely related (£ < .05). 

Females' height, weighty age and 
dietary intakes were not signifi- 
cantly correlated to hair or seruo 
zinc levels. 

Copper concentration in serua and 
hair saaples were not significantly 
correlated. 

*S had seruo copper below 70 aegt, 
indicating poor nutritional 
status. These subjects were not 
significantly different froa the 
rest in regard to dietary intakes, N 
height, weight and -age. 

Mean neaatocrit values were *0$. 
1* of the subjects had values below 
36* , considered low by HAKES 
standards. 

Hematocrit Jevels were Inversely 
correlated with iron intake. 

Mean heaoglobln values were 
13.8 gel. No subject had a low 
heaoglobln value according to HAKES 
standards. 



Hard et al,, 1958 

Cccaent : Ho information was pro- 
vided on how sample was drawn, 
or on socioeconocslc status. 



Washington State. Snohomish and 
Kakixa Counties 

12*i females 
121 sales 

15*16 years old 

Serua ascorbic acid values were 
compared to the classification of 
Lowry et ai. ( 19*5) . 



There were no significant differ- 
ences between 15-16 year olds 
or between regions for 3erua 
ascorbic acid values. There was a 
significant difference at the 5% 
level between the sexes. 

25* of the females and over 33$ of 
the sales had serua ascorbic acid 
levels of 0.1 mgj or less. 
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Table III-6. Surveys* that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHORS > 



SAHPLE/ 
METHODOLOGY 



Hodges 4 Krehl, 1963 Jova 

Ccmm ent : An extensive study of 12U females 

a large sample, 2,015, for whoa 128 miles 

data are available On only a 

aaull number (252) for all Grades 9-12 

aspects. The total sample Is 

stratified *and random; however, 

no Information is provided as to 

how the actual sample compares 

to the total sample. 



PIKDIKGS/ 
CONCLUSIONS 



Approximately 151 had serum 
cholesterol values over 200 mg$. 
However, cholesterol values 
declined as body weight increased. 
There was a positive correlation 
\. between cholesterol levels and 
\ fatfold thickness of the scapula 
(p < ,05). 

There was a substantial difference 
in serum triglyceride levels by 
sex; these varied directly with 
sugar intake and with increases in 
body weight. 

The rate of riboflavin excretion in 
the urine was high. 

17$ of the females had hemoglobin 
concentrations below 12 g/dl. 



Johnston et al. T 1978 



\ 



Karp «t al., 1976 



Minneapolis 

753 Native Americans 

390 females 
363 males » 

22 days to 16 years old 

i 



North Philadelphia 
1^3 black children 



Hematocrit levels were found to be 
within normal range, but with lower 
means than whites in the Ten State 
Survey; however, they do not 
deviate from means for blacks in the 
same survey* \ \^ 



10$ of the sample were identified as 
being "at risk" on the basis of 
anthropoeetric measurements. This 
group had a mean hemoglobin 
concentration of 11.7 g/dl compared 
to 12. H g/dl for 28$ of the sample 
that was found to be well nourished 
<£ < .05). 



Xirksey et al., 1978 



Comments ; (1) Some cells have 
as few as five subjects; (2) Sub- 
jects are volunteers; (3) Ho 
socioeconomic status data 
provided. 



Northwest Indiana 

127 females 

61 m the spring 

66 in the fall 

12-l*i years old 



31$ of the subjects were found to 
have some vitamin inadequacy 
as measured by plasma erythrocyte 
alanine amino-transferase (E-AUT). 

Vitamin B$ levels in erythrocyte 
did not appear to be a sensitive 
indicator of vitamin B$ nutrition- 
al status. 



Age or the onset of menarche did 
not appear to influence E-AUT 
measurements. 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 

\ 



AUTH0R(SJ 
COHHEKTS > 



SAKPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



13} were Judged to be in poor 
vitamin B 6 status (plasma E-ALAT 
index). 



Ion, 1980 



Southwest Mississippi 

200 househclds 
304 individuals 

Black 



61 resales 

6-17 years^ old 

66 sales 

6-17 years old 



Analysis was conducted for the 
following substances: hematocrit, 
hemoglobin*, red blood cells, 
white blood cells, serum iron, 
calcium, albumin, globulin, 
vitamin C, glucose, cholesterol, 
thiamin, and riboflavin. 



Results that were statistically 
significant for the £- 17-year-old 
population (£ < .05) were glucose 
and riboflavin by sex. 

Statistically significant 
differences by age for the total 
sample (p_ < .05): hematocrit for 
females, hemoglobin for males, 
vitamin C for males, cholesterol, 
thiamin, and riboflavin for both 
sexes . 

Conclusion : There are differences 
by age and sex. more research 
needed. 



Lautr et al. ( 1975 



Muscatine, Iowa 

2,3^6 male? 
2,483 females 

6- 1 8 years old 

96.4} white 

2.8$ Spanish- American 

0.6} black 

0.1} American Indian 
0.1} Oriental 



Serum -cholesterol values were 
similar at all ages for both males 
and females. Mean was 162 ig/dl. 

Triglyceride values showed little 
difference according to sex. The 
mean at age 6 was 72 mg/dl and at 
18 108 mg/dl. 

Significant increases in the mean 
levels occurred with age for both 
sales and females (g < .001). 



Lee, 1978 

Comments : (1) Data analysed here 
were collected in 1973: (2) Sample 
is not representative of the 
population by age and sex; 
13) Income Information collected 
only from those willing to 
provide it. 



Central Kentucky 

116 teenagers 

12-19 years old 

34 whits sales 
51 white females 
12 black sales 
21 black females 



More blacks had lower values of the 
following measurements than whites 
did: hemoglobin (g < .05/ serum 
iron transferrin saturation serum 
vitamin C. 

Mean hemoglobin and hematocrit 
values for males are higher than 
for females < .01); however a 
higher proportion of males of both 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of $he Nutritional Assessment of School-Age Childreij (Cont'd) 



AUTHOR(S) 
COrttENTS 



Cogent ? Mo statistical tests 
done. 



Lopez et al., 1975 



SAMPLE/ 
HETKODOLOCY 



Mean family income: 
*12,«H5 for whites 
$ 7,82*i for blacks 



13-19 years old 

109 males 
101 females 

126 Hispanics 
58 blacks 
26 whites 

Low lncoae 

Method: erythrocyte glutathione 
reductase activity 

Mormal activity coefficient 'values 
rang* from 0.9 to 1.2 



Haw York City" ' 

100 cnlldren * 



PINDINGS/ 
CONCLUSIONS 



races had values below aoceptable 
range than resales. 

Whites, both males and females, had 
higher hemoglobin concentrations 
than blacks (p_ < .">) and a higher 
proportion or blactcs had 
unacceptable values. 

Black resales had significant:.* 
lower Beans ror^ serum iron 
(£ < .01) and ror peroent 
saturation or transferrin; they 
also had the highest Incidence or 
unacceptable values in percent 
saturaUoj^fc transferrin. 

Serum tctal protein levels or black 
males were significantly higher 
whan ror other groups (£ < .0$); 
not serum albumin values, however. 

More whites had unacceptable levels 
or vitamin A and carotene than 
blacks (£ < .01) 

Serum cholesterol and bets lipopro- 
tein levels were Mgniricantly 
higher ror blacks or both sexes 
than ror whites <£ < .01). 



Activity coefficient values ranged 
froa 1.21 to 2.20. 

Conclusion : 23. 3* were round to 

have deficient riboflavin levels. 

Ethnic breakdown in deficient 
' levels: 
> 3*1.5 blacks 

19.8 Ht^oanics 

15.4 white. 



8 children or school age, 3 f* sales 
and 5 males, showed blochesic «i 
evidence or ribott.*v'.n c^ttcJency. 



\ 



Lopez etal., 198O " ?10 adolescents 
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Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of Sphool-Age Children (Cont'd) 



AUTHOR(S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



2-1/2 days to 1 ** y< irs old 
Low income 



FINDINGS/ 
CONCLUSIONS 



None showed clinical Indications 
of deficiency. 

4 of the children were below the 
50th percentile for weight. 



Myers et al. f 1968 

C casern : Part of the Boston 
Nutrition Survey, all subjects 
are from one district. 



Boston 

297 children 

9-13 years old 

227 black 
70 white 

Approximately equal number of 
males and females 

Low income 

Values were categorized using 
standards of the Interdepartmental 
Committee on Nutrition for 
National Defense (1963). 



22$ of the subjects had low or 
deficient hemoglobin levels; signi- 
ficantly more blacks than whites 
(£ <.01), also more females ttan 
males (p. < .05). 

With increasing age there was an 
increase in values for males, 
especially black males. 13$ 
fell into the "low" category for 
hematocrit. 

Cholesterol values were lower on 
the average than in other reported 
studies. 91$ had values under 
200 ag$; 9$ were acove; group mean 
was l6l mg$. 

Mean values for serum vitamin A and 
carotene fell xn the lower pan of 
acceptable ranges. 

20$ of the subjects had low urinary 
thiamin values. 

Urinary niacin levels were 
acceptable . 

All subjects had high and accept- 
able levels of urinary riboflavin 
with the exception of 5 black 
children inthe low category. 

There were significantly lower 
values for nitrogen excretion for 
^blacks than for whites <£ <.01). 
A decrease in nitrogen excretion 
with increasing age was shown. 



O'Neal et al., 1976 



Comment : Both black and white 
individuals were included In the 
study; however, data were given 
for whites only, thougn conclu- 
sions were drawn by ethnicity. 



Missouri, statewide 

201 white children 

5-^7 years old 

112 males 
69 females 

Broad inoome group 



Male aean hemoglobin values rose 
from ages 5-17. 

Female mean hemoglobin values rose 
from ages 5-12, with a very 
slight increase from 13-16. 

Over 30$ of males between ages 6 and 
9 had low or deficient hemoglobin 
and serum iron levels. 
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Table III-6. Surveys th^t Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) SAKPLE/ FINDINGS/ 

COMMENTS METHODOLOGY CONCLUSIONS 



Classification for low and 
deficient values were, derived from 
Ten State Survey guidelines. 



1HS of females 6-9 years old 
had low or deficient hemoglobin 
values (this age group had the 
highest Incidence of low hemoglobin 
for all females). 

Low serum Iron was found In 25$ of 
females 6-9 years old and 17. 5$ of 
10-16 year olds. 

Conclusion : Iron-deficiency anemia 
as assessed by dietary Iron Intake, 
hemoglobin level, hematof-tr 
concentration, and serum Iron 
levels exists In this population. 
While a higher proportion of males 
had low or deficient hemoglobin 
levels, a higher proportion of 
females had Iron Intakes below 50} 
of the RDA. 



Prothro et al. 



1976 



Comment : The sample la very 
small; of the total sample-of 
102, only 27 are adolascents. 
It Is often not possible to 
select what findings pertain 
to the adolescent age group. 



Macon County, 
Alabama 

27 adolescents 

13-18 years old 

19 black 
8 non-black 



Hemoglobin levels were significantly 
lower for black females (£ < .05); 
otherwise there were no differences 
by sex or ethnicity. 

Serum vitamin B 12 levels were 
significantly higher In females than 
In males (£ < .01), and were higher 
for blanks. 

Serum carotene levels were hlgher 
for blacks than for non-blacks 
(p_ < .05) and were higher for the 
black male, than for the black 
female (p_ < .05). 

Serus folate levels were higher for 
non-black males than for non-black 
females (£ < .05). 



ftelslnger et al., 1972 

Comment : National Nutrition 
Survey Standards (NNSS) are used 
for comparison ("National 
Nutrition Survey* was an early 
name for the Ten State Nutrition 
Survey ) . 



Lower Grease wood , Arizona 
Nava Jo 

6-l6 years old 
Sample size variable 



Percent of subjects having 
unsatisfactory values 

Hales 
6-12 13-16 
Hemoglobin 
SO 0 
WNSS I1.5g/dl I3i0g/dl 
N 98 30 

Hematocrit 
S 2 10 

NN3S 36$ *0f 
N 98 30 

6-12 13-16 



Table III-6. Surveys that Include Biochemical Techniques as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOfKS) SAMPLE/ FINDINGS/ 

COMMENTS METHODOLOGY — - CONCLUSIONS 



Serum Iron 

$ 16 9 

NNSS 50mcg/dl 60.DC/di 

N 43 11 

y Transferrin Saturation 

$ 51 22 

NKSS 20$ 20$ 

N Hi 9 

Feoalea 

6-12 13-16 
Hemoglobin 

S3 6 , 

NNSS 11.5g/dl lLScVdl 

N 101 3* 
Hematocrit 

* * 3 

MHSS 361 36$ 

N 101 34 
6-12 13.16 
Serua Iron 

$ 23 21 

NNSS 50mcg/dl 40oc/dl 

\ N 40 14 

Transferrin Saturation 

$ 30 36 

1 KKSS 20$ 15$ 

N 37 13 

Serua vitamin C and vitamin A 
levels were all at or above 
acceptable levels. 

Serum protein levels were also 
within normal ranges. 

Conclusion : No specific malnutri- 
tion though marginal Iron 
deficiency is noted. 



Van de Mark 4 Wright, 1972 

Comments : (\) No ethnic or socio- 
economic information provided. 



Birmingham, Alabama 
114 pregnant females 
12-17 years old 

40 non-pregnant females ( 

12-15 years old j 

Proa the Univerait/ of Alabaria 
Medical Center 

Interdepartmental Committee on 
Nutrition f or National Defense 
was used for standard. 



For both pregnant and non-pregnant 
females average values for 
hemoglobin, hematocrit and whole 
blood folate were below acceptable 
standard . 

The average hemoglobin was 12 9 g$, 
8$ of the subjects had a level of 
less than 1 1 g$ . 



WUliaas et al.. 1979 New l 0 rx City 22$ of the children had cholesterol 

values of 180 cg/dl or higher, 
76 tst graders mean value was 158 mg/dl» 
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C. what Growth and Dev elopment Problems Have Been Identified by Anthropo- 
metric Measur es of Nutritional Status Among School-Age Children? 
Nutrit tonal anthropometry is concerned with the variations in the physical 
dimensions or the composition of the human body at different levels or 
degrees of nutriture. In this section we first discuss undernutrition, as 
indicated by retardation of growth in height and weight. Ethnic differences 
in growth patterns are also considered. This discussion is followed by an 
examination of conditions of overweight and obesity as measured by 
weight-for-height and fatfold thickness. 

Undernutrition 

Growth is influenced by biological determinants such as sex, ethnicity, and 
parental size, as well as by environmental factors such as nutrition, 
socioeconomic status, and level of education. -Growth is usually evaluated by 
weight, height, and arm circumference measurements, which are compared to 
standards appropriate for age and sex. Height-for-age is considered to be a 
reflection of long-term nutritional status, while weight-for-height reflects 
short-term changes. 

Mild chronic undernutrition evidenced by low • height-for-age or % low 
weigh t-for-age was reported in several surveys. The Nutrition Surveillance 
Program (Nichaman & Lane, 1979) noted that more than 10 percent of 6 to 18 
year olds, mainly males, fell below the 5th percentile for height-for-age. 
Retardation in weight status was found in the Ten State Survey. Table III-7 
shows the percentages of children ageu 6 to 10 who fell below the 15th 
percentile for weight. . The percentages are approximately twice the 
percentages from the Stuart-Meredith reference data, presumably due to th fi 
low socioeconomic status and poor nutrition in the Ten State sample. Marked 
height retardation was also found in the sample, with 25 to 15 percent of 
children who fell below the 15 percentile from the Stuart-Meredith reference 
data. 
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Table III-7. 



Percentage of 6- to 10-Year-0id Children Below 15th Percentile 
for Weight of Stuart-Meredith Standard 
in the Ten-State Nutrition Survey. 



. Percentage of Children 
below 15th Percentile 



Male Female 



Age 










(Years) 


White 


Black 


White 


Black 


6 


27 


27 


35 


37 


8 


39 


32 


32 


31 


1° 


3M 


45 

4SR. 


20 


27 



(Source: Schaeffer, 1976. p. 379) 



Effects oT Socioeconomic Status . All of the national surveys and several 
local _ studies found an association between growth retardation and 
socioeconomic status. The Teh State survey noted that more children from low 
socioeconomic households were below standards for height and weight than 
children from upper income houaeholds. For example, one of the reports from 
this survey states that 

Evidence of retarded .growth was apparent in childreri- from 
low-income families. Relative to what would be expected for a 
well-nourished population, two times as many black and three times 
as many white children in families living in poverty were below 
the 15th percentile for accepted American standards for height. 
There was a progressive decrease in the prevalence of undergrown 
children with increasing family income. Children in certain age 
groups from higher income families were advanced in their heights 
by as much as a year over children from lcwer income families 
(Gam & Clark, 1976),< 



m 

These same trends were reported in HANES (Abraham et al. f 1975). Both boys 
and girls above poverty' level were, on the average, taller than children 
below poverty level. In M of 17 comparisons for children at each age level 
from 1 to 17, boys in the income group above poverty were taller than boys in 
the group below poverty. They also showed a greater average increase in 
height over the entire age range. The average ^difference in the increase in 
mean height between males in the two income groups was 3.9 cm (1.5 in). 

At ages 6 to 11 years, girls in the income group above poverty were also 
taller on the average than girls who were below the poverty level. At 12 to 
17 years the same trend was seen, except for ages Hi and 17. The greatest 
difference was at N age 16, where the mean height for girls in the 
above-poverty group was 4.8 cm greater than the mean height for girls who 
were below the poverty level. 

Tne differences in weight status by income were greatest in the older age 
groups of children studied in HANES. In general, the magnitude of the 
differences in mean weight according to income was somewhat less than the 
differences for height, but the direction of the differences was the same, 
again favoring the high-inc< e group (Abraham et al., 1975). 

Effectg^cxfL Baca*. SeveraL^studies in the United States show that school-age 
children from ethnic minority^groiops have different patterns *of growth and 
development than white children. When ^socioeconomic status is controlled, 
black children are taller and heavier than white children of the same age and 
sex (Abraham et al., 1975; Garn & Clark, 1976; Myers et ai., 1968; Barr et 
al., 1972; Lee, 1978). 'Black children of both sexes have longer leg and 
upper-arm lengths, which account for tht overall difference in body size 
(Garn * Clark, 1976; Foster et al., 1977). It has also been found that 
blacks mature faster than whites according to skeletal development (Maima, 
197 4 h HANES data show that skeletal maturity in blacks of both sexes is 
advanced' by up to four months compared to whites (Abraham et al., 1975). 



362 



Black females also tend to reach menarche earlier than white females and have 
an earlier growth spurt (Foster et al. f 1977; Verghese et al.-, 1969)'. 

# 

In spite of these differences, black children often "show signs of growth 
retardation. For example, Meyers et al. (1-968) found low height-for-age, in 
both sexes of black children and low weight-fo.r-age among males in Boston. 

n this study, 42 percent of black males and 30' percent of black females aged 
9^0 13 were below ,|he 25th percentile for' height Ji^ng the -Boston 
Standards. Forty percent of' the black males were belowfijSTl5th percentile 
for weight. / 

Other studies listed in Table Ill-S^failed to show significant amounts of 
growth retardation among black 'children. However, most of the studies used 
standards such as the Stuart-Meredith charts and the Boston Standards, which 
were derived from samples exclusively composed of white children/ (See 
Chapter II.) Because of genetic differences in /growth and development as 
well as in final adult stature between blacks and whites, the extent of 
growth retardation among black children may be greater than reported by the 
surveys. 

4 

Few comparisons have been made between children from other ethnic minority 
groups. Samples in the national surveys' have not permitted examinations by 
races' other than white and black. Consequently, all of the information on 
children from other racial/ethnic backgrounds (e.g., Hispanic, Asian, Native 
American) comes from small, local surveys whose samples are not necessarily 
representative of the populations studied. 

The mean height of Mexican-Americans aged 15 to 19 years was reported to be 
at the 34th percentile of the Iowa growth charts by MacKinney in a statement 
before the Senate Select Committee on Nutrition and Human Needs in 1969. In 
a, study -by Burroughs and Huenemann (1970), of 86 Mexican-American children 
aged 0 to 9 years in Coachella Valley, California, 50 percent of the girls 
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and 43 percent of the boys were below the 25th percentile of the 
Stuart-M eredith growth* charts. Low weight-for-age and heigh t-for-age were 
more recently reported by Zavaleta and Malina (1980) for 1,269 
Mexican-American children -.aged, 6 to 1 X 7 years in .Brownsville, Texas. The mean 
heights and weights of these children were at approximately the 25th 
percentile of the U.S. Health Examination Survey (HES) reference data. 

Another recent study (Duncan et al., 1979) compared the growth of 4,167 
Spanish-surname Denver children and 2,322 non-Spanish-surname children, 5 to 
13 years of age, who resided in the same neighborhoods and attended the same 
schools in low-income areas. Spanish-surname children were consistently 
lighter and 1-3 cm shorter than Anglos. The authors believe that 
socioeconomic factors are probably more important than genetic factors in 
accounting^ for the differences. \ < ' 

• v ' 

Different groups of Native Americans have also been studied. Thirty-eight 
percent of Navajo children, aged 5 to 14, in Lower Greasewood, Arizona, were 
found to "be under the 10th percentile of the Stuart-Meredith norms 
(Reisinger, et al., 1972). Eight (21%) of 39, 5-year-old White Mountain 
Apache children were below ,the 10th percentile of the Stuart-Meredith charts 
in height (Owen, et al., 1972). 

Overweight and Obesity * 

Health professionals as well as lay persons tend to use the terms 
"overweight" and "obese" interchangeably. However, these terms are not 
synonymous-. * Overweight is usually .defined -as being, heavier than ideal 
weight. When individuals, are more than 20 percent above their ideal weight 
,for height, age and 'sex, they are commonly referred to as obese. However, 
since the excess weight may be due to muscle Lv fat, a more technically 
accurate definition of obesity is an excess of/body fat. The amount of bpdy 
weight composed of fat can be estimated by (Laboratory techniques, such as 
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underwf||r^weighing, or by measurements of f&fcfold thicknesses .at one or more 
sites pn the body. These measurements are discussed more fully in Chapter II. 



A number of standards have been used to calculate ideal weight for .height, 
sex and age^ Examples include the Metropolitan Life Insurance Company tables 
(Society of Actuaries, 1959), the Iowa Growth Charts (Stuart & Meredith, 
'19*16), the Boston Growth Charts. (Stuart et al., 1951), and the National. 
Center for Health Statistics Growth Charts (NCKS, 1976). As explained in 
Chapter II, these standards are based on population distributions and may not 
necessarily correspond with the values for weight and body fat that promote 
optimal health. 

Obese individuals store excessive amounts of fat. Many possible causes Tor 
this have been postulated, including excels energy intake-, low' energy output, 
and improper focd habits. Each 'of these will be 'briefly discussed. 

Excess ^En ergy Intake Food consumed yields energy. If more food is Ingested 
than^ is needed, the excess energy will be converted to fat. It does not 
appear to be important whether the energy is consumed as carbohydrate, fat or 
protein. 

l 

Low Energy Output. It is not clear whether or not the absolute energy 
consumption of obese individuals is higher than that of normal-weight 
individuals. Decreased energy output may be as important as actual energy 
intake in the promotion of obesity. However, not many surveys investigate 
this aspect of obesity, possibly because of methodological difficulties. 
Apart from differences in the level of physical activity, there are also 
individual differences in basal metabolic rate, but the possible contribution 
of these metabolic differences to the pathogenesis of obesity is also unclear. 

Improper Food Habits. -Another possible factor in obesity is the number of 
times per day a child consumes food. School children between 10 and 16 were 
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found to be fatter if they consumed .only three meals per day than if' they ate 

fiv e to seven meals (Fabry et . al., ' 1966). Family eating , patterns appear to 

be important in the genesis of obesity; habits of overeating may be acquired 

early in life through socialization. Frank et al. (1979) found no 

significant 'relation 'between meal frequency and fatfold, but did, find that' 10 

year olds' who had 6 ,to 8 eating times had \igher "body mass indices" 

2 r " 

(WT/HT ) than ones who' had either 1 to 5 or 9 to 12 eating times. 

. . • < 

Prevalence' of Obesity in School-Age Children 

Several surveys of school-age children show that obesity,"' as measured by 
.triceps fatfold, is not uncommon. Depending on sex and race, the prevalence 
of obesity in" the Ten. State Nutrition Survey was between 6 and 8 percent for 
children 6 to 10 years of age 'and \0 to 13 percent for . children 11 to .17 
years of age (Garn 4 Clark, 1976).' Bpihg an overweight or obese child and/or 
.adolescent has implications for 'adulthood, since overweight children are more 
likely than normal-weight children to become overweight adults (Abraham & 
( Nordsieck: 1960; Weil, 1977). The reason obesity may be important for a 
population of any age is that excess fat aggravates or is associated with a 
variety of medical problems such as arteriosclerosis, diabetes, hypertension, 
arthritis* and sudden death.- 

There are general indications in the literature that females are more prone 
to obesity than males during -middle childhood (Myers* et al., 1968; Lee, 
1978). All children tend ' to gain weight during puberty; however, some lose 
it in later adolescence while others .do not. The factors associated with 
weight 'retention after puberty "seem to be related to socioeconomic status, 
race, and sex. . 

Effects of Socioecon omic Status . The Ten State Survey found that in general 
children from higher income groups were ^fatter than children from lower 
income groups through puberty (Garn & Clark, 1976). However, from late 
adolescence through adulthood ^there was a reversal Of this trend among 




366 



females, and females from .lower income groups we're fatter than females from 
.higher income groups, * 

" : ~ *' ; f\ ■ \ . 

.The. same general- pattern is seen in MNES data. Triceps fatfold values of 
males below the poverty level were lower than those of males abo^ve poverty in 
ail but.two age groups (15 and 17 years). Girls below the poverty level also 
had lower average triceps fatfold values in all but two age groups (12 and 14 
years)., HANES does not present prevalence data on obesity in 'children, \>ut 
.prevalence data on adults', confirm the Ten "State Survey, findings that income 
differences among "older females are reversed. At 20 to 44 years of age, 
approximately 10 percent of .below-poverty - males arid n 11 to 17 percent of 
above-poverty males are obese, but among "females, 18 to 25 percent above 
poverty and 25 to 35" percent below poverty are obese .(Abraham et al., 1975). 

The local -studies shown in Table III-8 have' produced more variable results on 
the, relationship between socioeconomic status and obesity. For example, 
Stunkard et, al. (1972) studied .over 3,000 whUte children from three Eastern 
cities- and found that at ages 6 to' 18,, more -children of low socioeconomic 
status were obese than' children' of upper socioeconomic status. 

----- / - : , - . • ' 7, r . • f \ 

'■It* is .difficult to reconcile these differences/ They may be due to the 
geographic and racial characteristics of the samples and to the standards 
used to determine obesity • 



Effects of Race/ In HES cycles ; I and II, HANES cycle I, and TSNS\ white 
children were found to have greater ^fatfold thicknesses than black children 
at' 6 to IV years of age. Thus, while black children , are \* on the average, 
heavier than white children when' sex, age and income are controlled, l|gs- of 
their total body weight is composed of fat and more, is composed of lean body 
mass. , y This difference persists into adolescence and adulthood among males. 
Ia, the HANES data, white males have greater triceps fatfold values than black 
males at all but three ages (14, 15, and 17 years) throughout the school-age 
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range. The' pattern is not .as well defined for girls. ^Triceps fatfold values 
for white females exceeded those for blacks at ages 7 to ^8, 11, 13, and 15, 
but at aps 9, 10, 12, 14, 15, and 17 black females .hacNgreater average 
.triceps fatfolds than whites (Abraham et al.,, 1975). At ages to 44, more 
white males were classified as obese than black males, but more bla'ck females 
were classified as obese than white females. 



Several of the local surveys .also found that white children have more body 
fat than blacks (Rauh & Schumsky, 1968; Malina, 1971; Foster et al.,1977) 
There is less available information about other racial/ethnic groups. In two 
studies (Hampton et all, ; 1966; Christakis et al. , 1968), Chinese adolescents 

'were found to have smaller fatfold measurements than whites and blacks. 
Johnston et al. (1978) found that the average .weights of jlative -'American 
children in Minneapolis were greater than Vhe. national averages- found in 

.HES. • Native American males also had greater triceps fatfolds than the HES 
sample, but the average fatfold value among Native American females was less 
than the HES' values . ^ 



Zavaleta and Malina (1980) recently measured height, weight, triceps fatfold, 
■and arm circumference of low-income Mexican-Americans in Brownsville, Texas. 
They found that' Mexican-American children had consistently lower heights and 
weights than HES . reference data for American children, confirming the Ten 

-State results for this- -population -group . Their estimates of 

midarm-muscle-mass medians were also lower than HES medians. The authors 
indicate that these results, may be due to their diet, "which tends to be 
adequate in calories but less satisfactory in protein." 

Discussion 

Anthropometric measurements reveal that, there are children in the United 

States who suffer from chronic undernutrition. The prevalence of 

undernutrition is greatest among low-income children. Available evidence 
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suggests that perhaps two to three times the expected number of low-income 
children * are below the 5th percentile for height, and twice the expected 
number ire below the 15th percentile for weight. The exact magnitude of the 
problem is .unknown, however,, since ,t*)e extent of these conditions might be 
greater if race-specific standards were available. 

The increasing amounts of data on overweight and obesity indicate that this 
may be a more serious problem than undernutrition for children and 
adolescents. During school age, the prevalence of obesity is approximately 8 
to 13 percent, but the figures are much larger among adults. , there is 
evidence that obese children have a high probability of carrying their excess 
fatness into adulthood, where it complicates or promotes a variety of medical 
conditions. The prevalence of obesity differs by sex, race and socioeconomic 
status, but 4 the factors responsible for the observed patterns are not clear. 

Indies that used anthropometric measurements of school-age children are 
summarized in Table II 1-8, which follows. 

■ ' . • \ 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children 

\ 



AUTHOR(S) 
COMMENTS 



SAMPLE/ 
KETHCDOLOCY 



FINDINGS/ • 
CONaUSIONS 



NATIONAL SURVEYS 

HEALTH AND NUTRITION EXAMINATION 
SURVEY (HANES) 

Abraham et al., 1975 

Comments : (1) Risk of bias 
because response rate failed to 
meet the requirement of the 
original probability deUgn; 
(2) Estimates are based on 
weighted observations; data 
inflated to the level of the 
'total population; (3) Preliminary 
findings onSy; (S) No statistical 
significances calculated 
[between income «and ethnic groups. 



10,126 persons, 
white 73* 
Mack 16* 

2,112 children, 
1,050 sales 
1,062 females 



1« years old 



6-17 years old 



2 income levels: above and below 
poverty, 20* at or below poverty 



Hales in the income level above 
poverty were taller than males in 
the level below poverty. The 
difference is 3*0 cm for males 6-11 
and 3*3 cm for males 12-17. Age 15 
is an exception; the reverse trend 
was found. 

Females 6-11 from the income group 
above poverty were Jailer than 
females in .the income group below 
poverty. The difference ranged from 
0.3 cm to 3*8 cm. This trend 'con- 
tinued for females ages 12—17 * 
except at ages 14 and 17. The 
largest difference in height 
occurred at age 16. 

Kales ages 16-17 In the income 
level above poverty are heavier 
than males in the level below 
poverty, with an exception at age 
8. 6-11 year . olds showed a 1.5 kg 
difference; 12-17 year olds a 4.1/ 
kg difference. 



HEALTH EXAMINATION SURVEY (HES) 
Zack et al., 1979 



U.S. Health Examination Survey, 
Cycle II and III 

2,177 children examined initially 
when they were 6-11 years old and 
again 2-5 years later when 
they were 12-17 year's old. 

Body fatness was measured by fat- 
fold thickness. Children with 
measurements in the top 20* of the 
sample were considered obese. 



Rank-order correlations between 
the two examinations for each 
race-sex group werelhighly signi- 
ficant. (£ <.001). 

68* to 77* of the sample classified 
as obese in childhood were also 
obese in adolescence. 

39* to 52* of the sample classified 
.as lean in childhood remained lean 
in adolescence. 

The relationship between childhood 
and adolescent fatness was independ- 
dent of stature, skeletal and 
sexual maturation, and economic 
status. 

Conclusions : Childhood fatness is 
the most important predictor of 
adolescent fatness. 
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Table III-8, Surveys that Include' Anthropometric Measurements as Part 
of the Nutritional Assessment of Schqol-Age Children (Cont'd) 



AUTHOR(S) 
C0HHENT5 



NUTRITION SURVEILUNCE SYSTEM 

Nichaaan * Une, 1979 

Ccaaent: This report covers only 
five states in the CDC systea 
and the sample is not represent- 
ative of the states or or any 
specified subpopulation. 



y 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



2,740 males ] 
2,690 females 
: 6-17 years old 

Criteria used for low weight and 
stature by CDC National Surveil- 
lance Systea are: 

Low height for age: height for 
age less than 5th percentile of 
the NCHS standards (NCHS, 1976). 

Low weight for age: weight for 
age less; than the 5th percentile > 
of a person of the NCHS standards 
(NCHS, 1976). 

Low_welght- for'?height: weight^for 
height less than the 5th percentile 
of a. person of the NCHS standards 
(NCHS, 1976). 

High" weight for height: weight 
for height greater than the 95th 
percentile of a' person of the 
NCHS standards (NCHS, 1976). 



Low height for age was found in 
6.95, 10.4?, and 10.9* of the males 
aged 6-9, 10-12, and. 13-*7, 
respectively. . 

Low height for age was found in 
5.2J, 7.9*,iand 9-7$ of the females 
aged 6-9, 10-12, and 13-17, 
respectively. 

Low weight for age was found in 
5.5$, 9.31V and 9.75 of males aged 
6-9, 10-12, and 13-}7, respectively. 

Low weight for age was found in 
4.55, 6.85, 8.35 of the females 
aged 6-9, 10-12, and ,1 3- 17,, 
respectively. 

Low weight for height was found in 
5.7$, 5.05 and 4.55 of males aged 
,6-9, 10-12, and 13-17 respectively. 

Low weight for height was found in 
5.25, 5.65 and 9.95 of the females 
aged 6-9, 10-12, and 13-17 
respectively^ 

Conclusions : ^More than 55 of the 
children were short for their age 
which indicates growth retardation 
probably due to chronic mild under- ' 
nutrition. 



TEN STATE NUTRITION SURVEY 
(TNSti) 

Martin & Beal, 1978 

Comments: (1) The sample is 
not nationally representative; 
< (2) The sample was not restricted 
to low-income or below-poverty- 
level population; (3) Analysis of 
the results often groups ages in a 

• way that makes it impossible to 

• draw conclusions for school-age 
population; (4) The data are pro- 
vided in raw form, with no 
interpretations offered; (5) No 
statistical differences were 
calculated. 



^Low-income ratio states: Kentucky, 
Louisiana^ South Carolina, Texas, 
and Vest Virginia 

High-income ratio states: 
California, Massachusetts, 
Michigan, New York, and 
Washington 

40,847 persons 
16,000 pediatric age 

a 

Obesity was determined by triceps 
fatfold values and Seltzer-Mayer' 
(1965) standards. 



Blacks were taller than whites 
until adolescence; no differences 
due to .income levels. 

White children were slightly heavier 
.and had larger subcutaneous fat 
measurements than blacks. 

Black children had more lean body 
mass, white children had more fat * 
as proportions of total body weight. 

Obesity was eore , common in white 
male adolescents than in other 
groups. 
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4 Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional .Assessment of^School-Age-Children -(Cont'd) 



AUTHOR(S) 
COMMENTS 



SAMPLE/ 
METHOW.OCy 



FINDINGS/ 
CONCLUSIONS 



Height for age wis evaluated by 
> Stuart-Meredith (19W standards. 



Children in high-income ratio 
states wee taller, heavier, and 
fatter than ch^idren froa low- 
incoae ratio states. 

* / 

More children /were rated short for 
age froa low^li. cone than froa other 
groups. 



Gam 4 Clark, 1976 



T?NS 

(as described above) 



White Bales tended to be fatter 
than black males. 

Black school-age females were 
leaner 'than white females. / 

Children from higher SES were 
fatter than children froa lower SES. 

Males from higher SES were fatter 
than males from lower SES, 
especially during adolescence. 



Gam 4 Clark » 1975 



TSNS (as described above) 



There was a rapid increase in weight 
during puberty; however, i males lose 
the fat required during puberty and 
females do not. 

By age 17,. children of 2 obese 
parents are 3 times as fat as' 
children of 2 lean parents. 

No evidence of starvation-level 
malnutrition, but differences in 
growth and development by race were 
apparent, lifter correcting for 
socioeconomic stilus, "...black 
boys and girls tended to be taller, 
had larger skeletal mass, had 
greater bone density, and had 
skeletal and dental advancement" > 
(p. 316). 



LOCAL. SURVEYS ^ 

Abrahim 4 Nordsieck, i960 ' 

, Coaaents ; Social class data 
not provided. 



Hagerstown, Maryland 

Approximately 2,000 chil^en, 
ages 10-13, were measured for 
weight in 1937-39. Repeat measure- 
ments were made in J958 on 120 
adults*, 62 males and 58 females. 



For each sex, overweight children 
tended to become overweight adults 
more often than children, of average 
weight (£ < .001). J* 

86* of overweight boys were over- 
weight as adults. 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



Barr et a!., 1972 



San Francisco 



Comment: None of the differences 7,500 children 
were tested for statistical 5-14 years old 

significance. 

Black, white and Oriental 



Bell, mi* 

Coaient: Findings include all 
children because school-age 
population cannot be separated 
•froa the rest. 



Worth Nashville, Tennessee 

50 black children 

Average age 9.6 years 
(includes infants) 

58$ sale 
42$ female 

Low inooae f 

Boston standards for height and 
weight. 



FINDINGS/ 
CONCLUSIONS 



Overweight defined only by 
weight and height 


42$ of average weight boys became 
overweight as adults. 


f Veight standards frooa life 
* insurance data (Society of 
Actuaries, 1959) - 


80$ of overweight girls were over- 
weight as adults; 9$\of average 
weight girls becaae overweight as 
adults. \ 



Blacks were taller than \hltes up to 
age 12. At ages 13 and 14 there x 
were no significant differences. 

Black children were heavierUUn 
white children. \ 

Oriental children were shorter and 
weighed less than white children. 

Conclusion :^ Separate standards, for 
weight and height are recoanended 
for different ethnic groups. ^ 



Distribution of weights and height 
of subjects followed standard \ 
curves. \ , * 

Only 4$ were classified as obese. 



\ 



Christakis et,al., 19&& 

Co—en t ; The saaple is very 
aaall for analyses by ethnic 
group. 



Mew Tork City 

642 children 

10-13 years old 

56$ females 
44$ -sales 
64$ Puerto Rican 
14$ Chinese 
10$ black 
'6$ white 
4$ other 

Low lncoae 



Vhite children had significantly 
higher fatfofd values (15.4 bo) 
than other children (£ < .01). 

\ - 

Chinese children had the lowest 
aean fat fold of all \ the children 
(12.3 m). ^ 

11.4$ of the subjects were con- 
sidered obese, as measured by fat- 
fold and corpulence. \ 



373 



393 



\ 



Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (ConVd) 



AUTHOR(S) 
COMEKTS 



SAKPLE/ 
METHODOLOGY 



Daniel 4 Rowland, 19$9 

Cooaents: (1) No ethnic break- 
down is provided; (2) Criteria 
for obesity are not defined. 



Birmingham, Alabasa 

268 clack and white children 

11-18 years old 

12$ sales 
145 females 



FINDINGS/ 
CONCLUSIONS 



None were classified as growth- 
retarded. 

More fesales were obese than males. 



Low income 

Height and weight were plotted on 
Wetzel grid. 



Duncan et al., 1979 

ipmmients." No Income information 
col lectcl^ subjects attended 
schtols in low to low-middle|£ 
middle income areas of Denver 7 



Denver, Colorado 



ft, 167 low-incoa*, Spanish surnaae 

2,322 low-Income, non-Spanish 
surnaae 

5-13 yeat? old, male and female 



At all ages, Spanlsh-surnaue child- 
ren were shorter and weighed less 
than non-Spanish-sumaae children; 
there la a statisticall;* significant 
difference between Spanish- and non- 
Spanish-suraaae children 
(£ < ,0001), 

Comparison with an earler (1970* 
study of children fro© the sane 
city of middle to upper-middle 
income A found both Spanish- -and 
non-Span lsh-sumaaed subjects froa 
loir-inceae^schools were smaller 
titan children from middle to upper 
income areas. 

Conclusion : Socioeconomic status 
is more important than ethnicity in 
the etiology of growth discrepancy. 



Foster et al., 1977 

Commen t: Anthropometric data 
were found to be similar to HES 
(NCHS, 1970, 1972, 1973, 197*), 
but sexual maturation data are at 
variance with the national sample, 
since in the U.S. black females 
reach menarche sooner than white 
females. However, the opposite 
was found to be true of 
Bogaluaa girls except. at age 10. 



Bogaluaa, Louisiana 
3,52^ child-en 

5- 1ft years old; represents 93* 
of this aje group in the county 

37* black 
63* whit* 



Black and white sales were similar 
jr. height and weight. 

Black fesales averaged 2 kg heavier 
than'vhite females (£ < .005) and 
were 2.8 cm taller. 

Among white children, females vers 
shorter than males (except at ages 
10-12) and were l 4 ** i.er (except 
at ages 8 and 10-12). 

Generally the opposite relationship 
existed for blacks. 

For all race-sex groups, there was 
a slight decrease in median ponder-, 
osity (W/H3) W ith increase in 
height. 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) SAMPLE/ FINDINGS/ 

COMMENTS HSTHOD0L0GY CONCLUSIONS 



Generally girls were leas ponderous 
than boys of corresponding height. 

Ponderous girls reached sexual 
maturity sooner than non-ponderous 
girls. 

r 

Black children} especially females, 
had longer upper ana lengths than 
whites by 0:7 cm < .0005); 
however, arm circumference of 
whites exceeded that of blacks by 
0.3 cm (£ < .05). 

Patfold mean values for whites were. 
2.5 mm larger than for blacks. 



Gregor et al. f 1978 



Comments :* ( 1 ) The sample is not 
random; (2) the differences are 
not tested for statistical- 
significance 



Northwest Indiana 

Females 
grades 6*8 

183 in the fall 

184 in the spring 

Data collection took place in the 
fall of 1975 and the spring of 
1976. 



Mean heights in the fall = 156+8 cm, 
in the spring = 157+8? cm. 

Mean weights in the fall - 48+12 kg, 
in the spring = 52+30 kg. 

\ 

\ 



Hampton et al., 1966 



Northern California 
city 



4-year longitudinal study, of 
high school- students 



9th grade: 
45ft males 
5 i 9 females 

12th grade: 

403 males 

404 females 

Approximately: 
60S white' 
30$ black 
10$ Oriental 



Anthropometrics were measured 
by 11 body circumference and 
6 bone diameter measurements 
and height and weight 



Black males and females had a 
higher percentage of body fat than 
wMtes or Orientals.- -White females 
had^a higher percentage of body f*t 
than Oriental females "In the 9th and 
11th grades <£ < .05). 



Oriental females differed more in 
their measurements from other 
females in- the 9th, 10th and 11th 
grades than in the 12th grade. 

Female body fat increased from 
thVlOth to the 1 1th grade and 
decreased from nth to 12th grade., 

•Lean" and "somewhat iean"~Temales 
were taller than other females. - . 

"Obese" males were taller than other 
males, particularly in the 9th 
grade, the difference becoming 
progressively less later. 
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Table III-8, Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOX(S) 

comms 



SAMPLE/ 
METHODOLOGY 



1 



J>besity was defined as the upper 
10 percent of the subjects with 
the most body fat, by sex. 



FINDINGS/ 
CONCLUSIONS 



Black females significantly * 
higher percent of body fat than 
white females < .01 ), and 
Oriental females (p. < .01) in all ii 
grades . 

The prevalence of obesity ranged 
from 11* %o 14* for males over the 
4-year period and from 1 1% to 17* 
for females. 

Males grew aore rapidly than 
females. Their growth slowed down 
during the 11th and 12th grades, 
while the percentage of body fat 
increased significantly. 



. Hodges t Krehl, 1965 

Comment : An extensive study of 
a large sample,^, 045, of whoa 
data ii available for all, 
aspects- on only a small number- 
(252). The total sample is 
stratified and random; however, 
no information is provided as to 
how the actual sample compares 
to the total sample. 



Iowa 

124 females 
128 males 

Grades 9-12 

Iowa growth standards for 
height and t**Jght' / 



Compared to the standards, the 
1965 sample was taller and heavier. 

Body weight positively associated 
to increases in triglyceride levels 
X£ < .05) and increases in fat fold 
thickness under the^scapula ^ 
(£ * .05), and with^tlood pressure 
levels (p. < .05). 



Johnston et^al., 1978 

Comment ; ,The cells are too 
small for meaningful conclusions 
to be drawn. 



Minneapolis^ 

Native Americans 

,1,309 persons* 

22 days to 17 years old 

Sample size for conclusions: 

Males, 6-17, 53 
Females, 6-17, 92 
Males above 14, 32 

Data compared with HES (NCHS, 1972, 
1973) findings. 



The Minneapolis Native American 
data yielded the following signifi- 
cant findings: 

Body weight, on the average, was 
greater than the HES sample. 

Males above 14 years of age did not 
hava lower means stature than the 
HES sample. 

Native American males 6-17 years of 
age had greater average triceps fat- 
folds (£ < .001) than HES saople. 
Native American females, on the 
other hand, had sm$l^tc average fat- 
folds than (£ < .001) the HES 
sample. 



tarp et al., 1976 




North Philadelphia 
1^3 black children 
Kindergarten and 1st grade, 



10f of the children were below the 
10th percentile for height and 
weight and had triceps fat folds . 
below 70$ of standard. 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the "Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR (S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
4 CONCLUSIONS 



5-8 years old 
Low- income area 

For height 'and weight: Stuart*s 
standards (Habicht et al. t 1976) 

For triceps fatfold: 
Hammond (1975) 

Uses triceps fatfold as a means of 
defining potential malnutrition. 



Conclusion : Growth retardation Is 
nutritional and not environmental. 



Lauer et al., 1975 

Consent: Obesity as risk fac- 
tor has to" be compared to adult 
standards. 



Muscatine, Iowa 

2,3*6 Bales - 
2,463 females 

6-1 8 years of age 

96.4% white 

2.6 * Spanish-American 
0.6* black x 
0. 1% American Indian 
0.1* Oriental 

Veights were compared by com- 
puting the median weight for 
height of all subjects by age 
and sex; the median weight was 
assigned a value* of 100*. 

For fatfold, Selt2er A Mayer 
,0965) criteria were used. 



At all ages 231 of the subjects had 
relative weights of at least 110*. 

In the ,14-18 year age group, 13. 1* 
of the males, and 13-6* of the 
females had relative weights of »£0* 
or more, and 7* of the males and 
6.6* of the females had relative 
weights of 130* or more. 

Skinfold values showed that 16* 
of the subjects were obese. 

Boys had a progressive mean increase 
in fatfold thickness from age 6 to 
18 (£ < .001); girls had a con- 
trastingly greater uniform increase 
per year (£ < .001 )\ 

The mean value of the ponderal index 
at all ages and by sex was constant 
at 12.9* 5* showed a ponderal 
index of less than 12.0. 3.6* 
showed less than 11.6. 



Lee, 1976 

Comments ; . (1) The data reported 
here were collected in 1973; 
(2) Sample is not representative 
of the population by race or 
sex; (3) Standards used were old 
(Sargent, 1963; Seltter A Mayer, 
1965) and and not applicable to 
these populations (Malina, 1966); 
(4) Income "data were collected 
only from those who were willing 
to disclose it. 



Central Kentucky 

12-19 years old 

31 white males 
5 white females 



12 black males 
2 black females 

Mean family incomes: 
$12,445 white 
$ 7,624 black 



lhe mean weight and height for black 
males under 16 years of age were 
significantly greater than of those 
of white males of the same age 
group, (£ < .01). At age 16 and 
above, no such differences were 
found. 

Black females were less active than 
white females (£ < .01); activity 
differences by ethnicity among Jales 
were not significant. 

Weight and height were signifi- 
cantly associated with age in both 
sex* (£ < .01). 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



Triceps fatfbld, calf circumference, 
and' arm circumference were associ- - 
ated with body weight (£ < .01). 

The prevalences overweight by the 
standards of Sargent (1963) was: 

40* for white females 

43* for black. females 

12* for white sales 

18* for black males 

The prevalence of obesity by the 
standard of Seltzer and Haver 
(1966) was: 

27* for N white females 

28* for black females 

12* for white males 
8* for black males * 

The mean heights and weights for 
females of both ethnic groups did 
not show statistically significant 
differences. . 



Halina, 1971 

Comment ; Significance tests 
were\not reported. 



Philadelphia 

825 children 

6-13 years 

242 black males 
244 black females 

-91 white males 
146 white females 

Two measurements taken on each 
subject over a 1-year period. 

OPatfold measurements taken at 
three sitestl^triceps, subscapular, 
and aidaxillary. 



White children had more subcutaneous 
fat at all measuring points than 
black children; the difference was ' 
most marked at the triceps site. 

Subscapular and'midaxillary ' > 
measurements correlmted more highly 
with each other than\with triceps 
fatfolds. , 



Hyers et al. t 1968 



Boston 

299 children 
9-13 years old 

Approximately equal number? of 
sales and females 

69* black 
28* white 
3* other 



More children were in the lower 
percentiles than expected; for 
example: 

Among the population studied, 59* of 
the white males, 42* of the black 
males, 57* of the white females, and 
30* of the black females were below 
the 25th percentile for height. 

As to weights, more black females 
were in the 91st percentile or 
higher, and more white females were 
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Table III-8, Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont f d) 



AUTHOR(S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



Low income 

Boston standards for 
height and weight 

Seltzer 4 Mayer (1965) for 
fatfold 



\ 



in the 25th percentile and lower, 
than expected,- *' 

55S or .white sales and *ib$ or black 
■ales were below the 25th percentile 
for weight. 

In general black children were 
taller and weighed sore than whites. 

Baaed on fatfold, 6 S of the 

children were obese: more females 
than sales were obese, sore whites 
than blacks, and aore 10- 11 year 
olds than. other age groups* 



Prothrb et al. f 1976^ 

Comments : Sample, size is 
such too stall to^e divided 
into ethnic and set categories* 



\ 



3ft 



Mecoh County, Alabama 



Lov inccieV 

27, ^T8<year olds 

» 19 black 
8 non- black,* 

Total saaple has 102 
2-85 year olds, 
HQ Mies ■ 
62 females 



Hean body ; weights of l3-.l*-year-old 
■ales 'exceeded the National . Re search 
Council: (I960) standards by Z% 
pounds; 12-U-year-old females 
exceededUt by 30 pounds. 



The 15-18-year-old Bales had weights' 
near the NRC standards, but the ' 
females of this group exceeded their 
standards by 10 pounds. 

'In terms>of height, _ both females. and 
.males. of Jthe -1 3-^ l^r/ear-old group; 
e x ceed e d the i r NRC a tahdards . by . 2 
or 3' inches. Tne 15-18-year-old * J 
group, had 1 similar heights to the 
NBC' standards. 

Black adolescent males, 13-19 years 
of age; were significantly taller 
than the other three sex-ethnic 
groups (p. < .05). 



Rauh A Schumsky, ,1968 



Cincinnati, Ohio 
1,573 children 

1,130 repeat measurements one 
year later 

6-17 yearsfcold 

Equal number of v males and females 

65* white 
35$ non-white 



Average Values for fatfold thickness 
- were greater for whites than Sor 
non-whites. 

Fatfold measures for males peaked 
between 11 and 13 years, indicating 
a fal^spurt. 

Female fatfold thickness showed a 
continuous increase ur.til age 15 for 
whites and age 13 for non-whites, 
when there. was a deceleration in- 
growth of fatfold values. 

The stability of distributions of 
measurements J year later was high. 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
.COMMENTS 



SAMPLE/ 
. HETHODdiOGY 

\ 



— - — : r = 

^Reisinger et al. f 1972 \ Lower GreasewoodY Arizona 



2^5 Navajo children 
5-14 years old 

120 Bile a 
125 females 



Boston and Iowa standards 
for height and weight. 



FINDINGS/ 
\ CONCLUSIONS 



82$ of the 5-1M year olds were below 
the 50th -percentile for height and 
76$ of the 5—1 ^ year olds were below 
the 50th percentile for .weight. 

There was a delay in skeletal 
maturation ranging from 14$ in boys 
to. 30$ In, girls, or 1-1/2 to 2 
years compared to the standards. 



" "Conclusion : Slower rate of growth 
and development «ay be due to , 

nutrition; 



Jluppenthal 4 Gibba, ^1 979 



\ 



gpftlvpu, "California 

_399^childrcn< 

t to 3rd 'grade * - ' 

AKA-NEA (Meredith 4 Knott, 1963) 
Standards for height .and weight; 
12-of the: Ml overweight 
children enrolled in an exercise 
program. 



^..subjects were 10$ or more 

over appropriate :weight for height. 

(1) Only, six r subject a in the exer- 
cise .class^ttained normal weight-, 

(2) 7Mo sex, >et6nic, or socioeconomic 
data. 

Conclusions : Exercise class at 
school. aids, in the^reduction of 
'obesfty in children. *!' M> i 



StunJcard et al., 1972 



3 Eastern cities 
f f ft*>w&W%hi Id ren 



ft 



*0$*fe«ale 
60$ male 

11 schools 

2,310~ from .upper socioeconomic 
'status, 857 from lower socio- 
economic status, 167 not clearly 
classified as to, socioeconomic 
status, 

, Obesity- was determined by rising 
Seltzer 4 Mayer (1965). criteVia, 
and-another*one where 10$ : of 
each sex in the *total v population 
that had/ the thickest- fatf olds 
were_ defined as obese-r'23 mm for 
females ana' 16 mm for males. 

Similarly; thinness was defined 
as the 10$. of each sex with the 
thinnest fatfold; tern for females 
and 6mm for males. 



At age; 6, -29$ of low SES. females 
were' obese cdmpared£with;3$ of 
^ high SES^females. This tVend con- 
tinued to age 18 (£-5 ;6oi).' * - 

*0$ of the males .aV*age* '6 from -flow 
SES were pbeie, compared^ to 25$ of 
the ,**" is from^high SES. This trend 
continued 'to age 18* (£ < .001 ) with* 
the exception at age 12 when high 
SES males had a higher percentage of 
obesity than low SES males. 

At age 6, 15$ of the high, SES 
females were thin as compared to 4$ 
of low SES females. This difference 
continued to age 12, when both , 
groups showed a decreasing 
prevalence of thinness. 

In males there was no clear trend 
relating SES and thinness. 

For both sexes, socioeconomic status 
and thinness correlated (p_ <~.02). 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
OCXtfEITTS' 



SAMPLE/ • 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



Verghese et al., 1969 

Comment : Most of the survey 
dealt with 1-5 year olds. ' 



\ 



Washington, D.C. 
2,632 black children 
3 months to 17 years old 
(556 over 5 years old) 

53% fettle » 
*7* sale. 

low incoae ' 

Boston standard.- for height 
and weight. 



Height curves were similar to curves 
from studies of white children. 

After age 6 theschildren were 
slightly taller 'than standards. 

Malesjmd females had equal average 
weights from 7-10 years of age. 
* Prom* ages - 1 0-1 H female's were 
•heavier <than?maies-by^2~to^5~kg. & 
After age. 1*1 the females* weight 
gain decelerated and the males' 
weight gain accelerated so that 
males became heavier- than females. 



- * - - 

Williams et al. f 1979 


* New York ; New York- 

95 ist-graders, predominately 
white \ 

Upper SES 


. _ .... \ 

Only 2 children weighed as much as 
120* of the mean. 

18* of the children, 16 males and 1 
female had excessive fatfold values. 




2 schools, 10 miles apart _ 


-Ethnic- differences were slight. 

\ * ' 


\ 


Seltxer 4 Mayer '(1965^ 
criteria for fatfold*. Excessive 
defined .as equal^to or above the 
85th percentile for age. 




Height compared with HANES aeans 
for age and- sex. 


> 


Zavaleta 4 Halina, 1980 


Brownsville.l Texas 
1; 269-Spanish-surnamed 
619 males 

650 female's^ , * 
6-17 yeare, old 


Mean heights and weights of 
girls similar .to Mexican-American 
girls in Texas phase of the TSNS 
but Brownsville -boys are taller 
and Heavier at ages 16-17. - 



Elementary and Junior high students 
from low socioeconomic area; -high 
school students from all areas of 
city 

Weight: with clothesV then 
adjusted ±by 1 1b for regular 
clothes, 1/2 lb. for gym clothes 

Height. Left arm circumference. 
Triceps fatfold;, 
obesity and leanness criteria 
were 85th and. 15th percentiles 
respectively, from Tec ua sen 
Project (Cam, 1977) and 9th and 
10th percentiles respectively 
from NCHS (1972, 197*0. 



Median weight at or belov 25th 
centlle of HES reference data. . 

Median weights between 25th and 50th 
cen tiles of HES reference data. 

Median triceps fatfolds of boys 
similar to HES data through,- age 14 
but higher at ages 15*17. Girls 
were equal to or lower than HES 
data through 11 years, but higher 
'' through age 16 and the same at 17* 



Arm muscle area consistently less 
at all ages. 
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Table III-8. Surveys that Include Anthropometric Measurements as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
COMMEHTS 



SAMPLE/ 
METHODOLOGY 



FINDINCS/ 
CONCLUSIONS 



Estiaiated aidara suscle circua- 
f trance r»uscle area; and -fat 
area derived f roe am circumference 
and triceps fat fold. 



Median arm' fat areas lower than or 
equal to HES aedians at aost ages. 

About 71 are classified as obese 
by HCHS standards but only 6.3% . 
of the girls ajid to, 5$ of the boys 
by Tecuaseh standards. 

About 3$ are- classified as lean by 
HCHS stewards, but 29flS of the 
girls and 33. M of the boys by 
Tecuaseh standards. _ 
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D * Wti&t Clinical Signs of Nutritional Problems Have Been Identified Among 
School-Age Children ? 

Clinical observations are of limited value in the early diagnosis of 
nutritional deficiencies; by the time clinical signs v are apparent, severe 
malnutrition already exists, furthermore, they are riot often reliable as a 
diagnpstic tool because of their subjective nature, 

^ Not many clinical signs of nutrient deficiencies have been detected in the 
United States, Findings of surveys, of school-age children^are summarized in 
Table III-9, The Ten State Survey reported that for children over 6 years of 
age, 3 to 4 percent had an enlargement of the thyroid gland suggestive of 
iodine deficiency and 3 to 4 percent also' had changes in the oral cavity, 
•suggestive of vitamin B and/or C deficiencies. Among adolescents, 4 percent 
exhibited clinical signs of vitamim C .deficiency and 5 percent, vitamin A 
deficiency (Owen & Lippman, 1977). Some ' local surveys reported^ similar 
* findings (Christakis/et al., 1968; Myers et al. f 1968), 
- * * 
Other .clinical, aspects of nutritional assessment ifovol^e screening for 
conditions that have a possible nutritional basis. Some of these conditions 
do not appear until late adulthood; however, investigators believe that their 
: genesis is in childhood, A few of these conditions of interest for the 
. r scho'61-age population will be briefly mentioned here; however, a 
* - comprehensive discussipn is not possible in this report, 

. Atherosclerosis 

In adults the risk of developing coronary artery disease is. directly related 
to the level of serum cholesterol, blood pressure, and relative weight 
' * -(Marks, 1966), There are, hdvever, no longitudinal data that relate 
childhood levels of serum lipids, blood pressure, and relPtive weight to 
later' risk factors for atheromatous disease in adult life. 
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Many i'nvestigaiors believe v nat r..ie genesis of atherosclerosis is in 
childhood. However, in the United States, 'it is difficult to show a 
correlation between dietary fat .,r1 cholesterol intake and plasma cholesterol 
levels (Weidman et al., 1978). Some researchers believe this is due to the 
fact that the dietary intake of tl.es* substances in the United States is 
already, so high-hat a reduction in intake ...11 not have the same effect on 
plasma levels as it does in areas where the diet is lower in these substances. 

Hypertension andOther Cardiovascular Co ndi tions 

Neither HANES nor the Ten State Survey reported blood pressure levels. 
However, hypertension and other cardiov<ucular conditions were assessed ,in 
Cycles II and III of the Health Examination Survey (NCHS, Series II, No. 166, 
.1978). Overall, the surveys , estimate that 2.4 percent or abou^ 570,000 
children aged 6 to 1 1 years have a significantly abnormal heart or other 
c^ulatory conditions. The corresponding rate is nearly double for children 
12 to 17 years of age. The prevalence of definite hypertension,, using the 
adult standard of systolic pressure over l60 4 Jnn.Hg and/or, diastolic pressure 
over 95 mm Hg, was less than 0.1. percent among ; 6* to 11-year-old children and 
less than 1 percent among 12- to "17-year-old children. However, children 12 
to 17 years of age; with other significant cardiac conditions had a much 
higher prevalence of hypertension (13%) than children in the same age group 
with ho abnormal findings. 

Cardiovascular conditions, including hypertension, were more prevalent among 
children living in the South than in other regions of the United States, and 
among, children living in rural areas ' than among children living in urban 
locations. In all geographic areas blacks exhibited more cardiovascular 
conditions 'than whites. The prevalence of cardiovascular conditions showed 
an inverse relationship with income: the highest rates were. among children 
from families earning, less than $5,0on per year. " This pattern was more 
consistent for females than males and for whites than blacks- 
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The local surveys tenc^ to find a higher prevalence of hypertension among 
school-age children than the Health Examination Survey. However, not all 
studies u'sed the HSS standard^ for- determining high blood pressure. The 
Muscatine study (Lauer et al. f ,1975) fouhd that a considerable number of 
children 14 to 18 years old had blood pressure levels above the norms for 
their age. Over 8 percent of the children had elevated systo.Uc pressures; 
12 percent had elevated distolic pressures; over 4 percent had elevated 
readings for both systolic and diastolic pressure. Hodges and Krehl (1965) 
also -reported high systolic pressures among teenage boys in Iowa. Christakis 
et al. (1968) found increased diastolic blood pressure levels in 33 percent 
of low-income white children in New York. The prevalence among whites was 
higher than in other ethnic groups. In contrast, Lee (1978) found higher 

systolic pressures among black, than. white, teenagers in Central Kentucky.- 

** • ^ 

< - K - 

\ 

* ' ' , * f 

In*;Evans County,' Georgia,, in a seven-year follow-up study / Heyden et al. 

(1*939) found that adolescents who' had blood, pressures greater than 140/90 mm 

Hg originally, 1 ^ and higher* than 160/95 mm Hg at the time of a second 

investigation, did j not fare as well as Xheip cohorts with lower blood 
\ J * ' 

pressure. After seven years, of the eighteen "high r.\sk tt adolescents f two 

had already, died of cerebral hemorrhages, four had heart disease, and many of 

the rest had other cardiovascular complications. 

Several studies found a relationship between blood pressure levels and body 
weight in adolescents (Christakis et al., 1968; Hodges & Krehl, 1965; Lee, 
J 978). As a matter of fact, • 

X s 

\ 

the increased prevalence of higher levels of blood pressure in the 
^children with elevated relative weights shows that the 
relationship of obesity to blood pressure has its origins in 
childhood (Lauer et al. 1975). 

Lauer et al. (1975) proceeded to recommend that 14 to 18 years olds should be 
screened for adult-level risk factors, which they define as: 
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Serum cholesterol above 220 mg/dl; 
Systolic blood pressure over 140 mm Hg; 
Diastolic blood pressure ov,er 90 ram'Hg; and 
Relative weight over 130 percent. 



Lactose (Milk) Intolerance 

This term refers to a person's inability to digest milk properly because of a 
deficiency of lactase, an enzyme produced in the intestines. Some 
- researchers consider"this-a~'seri-djus enough problem to advise certain groups 
such as blacks and Asians, who are most susceptible to lactose intolerance, 
.to avoid drinking milk., However, others believe that small amounts of milk 
can- bei- consumed by individuals who are lactose-intolerant (Stephenson et al., 
1977).. A complete discussion of this controversy cannot be provided here; 
however, the Protein' Advisory Group of the United j Nations (1.972), the Food 
and Nutrition ' -Board of the National Academy of Science (1972),, and the 
Committee "on ' Nutrition of the American "Academy of Pediatrics (1978) all 
.conclude that the problem is not severe enough 'to rule out the consumption of 
milk by< children. According to Graham, lactose intolerance 

. : - * i 

does-. not represent a nutritional problem in this country. Most of 
those who have age- and? race-dependent low intestinal lactase 
activity could drink eight ,ounces of whole milk at each meal with 
impunity and full nutritional benefit (1975:296). " ' 

In spite of this assertion, lactose intolerance among school-age children 
merits further investigation. 

Dental Disease ' 

Dental caries is the most widespread dental disease in children. lp is an 
infectious disease which is dependent on sugar, or sucrose, to support the 
growth of acid-producing bacteria which, decay the teeth. The amount of sugar 
consumed appears to be less important than the form in which it is consumed 
or the frequency^with which it is consumed. Sticky sweets consumed between 
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meals are the greatest promoters of dental caries^ However, sugar is not the 
only factor. Other factors such as dental hygiene are related to the 
^prevalence of tooth decay, 

j | ■ m 

The Ten State Survey found a high rate of decayed, missing, and filled. (DMF) 
teeth x among school-age children (Center for' Disease Control, 1972). * White 
children were shown to*experience more dental caries than black children. By 
age 17;, almost HQ percent of white children's teeth were carious, while the 
ate for black children was approximately 25 percent. Myers et al,, (1968) 

urveyed 228 black children and 9 1 * v white children and also concluded that 

\f 

black children have fewer dental caries. . 

\ 

The \ Ten State Survey found that children from low-income and high-income 
states had roughly the same DMF scores. However, more of the carious teeth 
of children from low-income states were unfilled, indicating that the dental 
care available to these children is less adequate than the care available to 
children in high-income states. 
1 

In the Ten State Survey, the rate of dental disease was unrelated to total 
sugar and carbohydrate consumption, but !was associated with between-meal 
eating of carbohydrate-rich foods for all ethnic groups in the high-income 
states and for black children in the low-income states. 

Discussion 

Not many clinical signs of nutrient deficiencies have been detected in the 
United States. , However, there are conditions that have nutritional 
components. Some of these conditions appear in childhood, such as dental 
caries. The surveys that assessed the dental status of this population found 
a considerable amount of carious and filled teeth. There are also a number 
of nutrition-related conditions that are believed to start in childhood, but 
do not exhibit themselves until adulthood. Some of these, e.g., hypertension 



40? 

387 



and atherosclerosis, are being investigated for possible associations between 
childhood nutrition and the probability of oneket df disease in later life. 

Met hodological Issues 

Before concluding this chapter, there are several methodological i3sues that 
should be considered when examining surveys of the nutritional status \of 
schooir^ge children. These issues are concerned with design, analysis, and 
the standards against which nutritional assessments are .compared, 

k 

Desifyr 

"The design issues include sampling, time of data collection, and age 
\ composition of the sample. 

\ 

Sampling Surveys often do not provide information on how the sample was 
obtained—whether it was randoa, purposive, stratified, or- ootained by a 
combination of several methods. Self-selection may also bias the sample if 
the subjects are volunteers. One cannot generalize from a study that does 
not clearly define the sampling method and the population. This is a fault 
of several of the local studies, 

j 

• Small sample size is another problem for many nutrition surveys. Sample 
sizes in nutrition surveys vary from fewer than ten to several thousand 
subjects. Conclusions from small, local studies are particularly vulnerable 
because of small sample size, which leads to low power and large standard 
errors for parameter estimates. 

The problem of small sample size is magnified fcr 24-hour recalls, because of 
the double sampling of both individuals and days. That is, a 24-hour recall 
must be considered as being sampled from the universe of possible 24-hour 
recalls that might have been obtained on different days. A particular recall 
may not be representative of a person's usual intake, and if the sample of 
individuals is small, the average intake for a .group may have an unacceptably 
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large standard error. ' It is commonly said that 24-hour recalls are suitable 
for getting averages for groups of 50 or more persons (Keys, 1979). Thuc, 
even -when the total sample is large, the lumber of subjects may not be 
sufficient for analyses of subgroups. This problem is discussed at greater 
length in Chapter II. One way to reduce the variability of 24-hbur recall 
data is to obtain more' than one recall per person. Prothro et al. (1976) 
collected three; 24-hour recalls per child, and Hampton et al. (196/) 
collected four seven-day food records per subject. However, the samples for 
these, studies were so small that even multiple recalls did not assure, 
^adequate data for estimating the proportion of the RDA met by the diet when 
the samples were divided by age, race, and sex. Some biochemical measures 
are also subject to considerable day-to-day variability, but anthropometric 
and clinical measures are affected -less .by it. • . ' 

Timing of Data CqHection . The time period when data collection took place 
is/~usually not Stated in reports of 'studies, making_ chronological comparisons 
impossible. It is useful to investigate changes in nutritional status over 
time * but without the date of data collection it may be difficult to 
determine the order in; which studies wer?e conducted. The date of publication 
is a general clue, but researchers often collect data several years prior to 
publication..-" 

Age Composition of Sample . All of the research reported here Involves 
school-age children ranging in age from 5 to" 18 years, but many surveys 
include only a part % of this age range. When * looking at the nutritional 
status of school-age children, specific nutrients may have been "investigated 
only for a particular age range. Thus, for some nutrients ^ values are 
available for only one age group and little is known about the status of 
children of different ages. Examples are the studies conducted on folic 
acid , vitamin Bg f and zinc . When researchers or reviewers summarize *the 
data for a nutrient, conclusions ajre often drawn for the total population, 
while data may be available for only portions, of it. Even when raw data are 
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available by age group, subjects from different age groups are often grouped 
* together for analysis ♦ 

Analysis 

Analytical problems often arise from the non-comparability of groups, and the 
'neglect of certain factors such as the factors influencing absorption of 
minerals and the fortification offoodT 

Ethnic a nd Socioeconomic -Compari^on^V ^These comparisons are not as simple_as r 
they may appear, Middle-Lncome ijid_lviduals— - nay-^CeifPliave low-income 
drigins, which means that their early nutrition was influenced by diets from 
lowrincome households. When making socioeconomic comparisons, it should be 
taken into consideration that over the years the family's income may have 
tWpJtttate<l a great deal. Furthermore, ethnic groups are often not reliably 
distinguished; thus,, growth and biochemical differences that Sire attributed 
to them may be 'biased due to* classification errors. Many surveys draw their 
samples from a particular geographical location, which does not necessarily 
provide ethnic and s socioeconomic homogeneity, yet the data are analyzed as if 
the sample were homogeneous. As an. example, the. Ten State Nutrition Survey 
refers to "Spanish Americans."' This subgroup included Mexican-Americans from 
^states; like Texas *and California,- as well as Puerto Means from New York 
City, and there* are wide differencesJLn the. background and food habits .of the 
two groups. 

r 

\ s 

.Socioeconomic status in surveys is often designated only, as "above" or 
"below" a poverty level. Tlfese distinctions are crude, since there is wide 
variability within these categories. This- type of classification 
underestimates or inflates the magnitude of the differences, because a large 
proportion of the families below or 'above the poverty line could be 
considerably poorer or wealthier than bhe rest. Also, what is considered 
"poverty-level" income varies from year to year as conditions affecting the 
cost of living change. 
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Absorptio n of Minerals . One aspect that is frequently ignored in dietary 
data analysis' is the fact that there are synergistic effects in food 
digestion. It makes a difference which foods are consumed together. A good 
example of this is iron and vitamin C: If iron is consumed with a reducing 
agent, such as vitamin C, a higher proportion of iron is. absorbed f than if it 
is consumed without the reducing'' agent. " The amount ingested and the 
nutritional status of the individual also play "a role in the amount of a 
mineral absorbed. A deficient individual will absorb more when a small 
amount is consumed than an individual with satisfactory status will absoTb 
when a- larger amount is consumed. Therefore, while dietary intakes may 
appear to be insufficient, biochemical analysis could reveal normal tissue 
anil- storage lev^ts. Deficiencies in both calcium ^and Iron are- considered by 
some investigators to be problems for school-age children, but the evidence 
depends on whether dietary, biochemical or clinical assessments were used. 

Fortification. Many changes in regulations and practices concerning food 
fortifications have taken; place in the last seyeral years. These regulations 
and practices vary from\ state to state. As a result, large national 
, companies may fortify their products to meet the most stringent state 1 s 
requirements; however, foods processed or prepared for consumption within a 
state often meet only that state's standards. Food consumption surveys are 
not" always able to determine the extent of fortification of foods. 

Vitamin C is a good example of a nutrient that has been extensively used for 
fortification. Many beverages and other foods are now highly fortified with 
this vitamin. Iron, artother nutrient of concern, has also been added to 
bread and cereals. Many surveys were completed before some of the 
fortification practices were implemented; therefore, intakes from these 
surveys are not necessarily comparable to current intakes. 
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Standards 

The problem with standards that are used for assessing dietary, biochemical 
and anthropometri j measurements have been discussed in Chapter II. However, 
- at this point it is worthwhile to reiterate some problems with the RDA. 
There are several aspects .of the RDA that must be considered' when assessing 
nutrient intake data. 

A margin for safety has been "built into the RDA which raises the allowance to 
a\level that exceeds 1 most people's requirements. When a dietary ' survey 
reports, for^example, that over 90 percent of the respondents have deficient 
intakes of a nutrient, the. term "deficiency" applies only to the relationship 
between intake' and the standard. It does not necessarily imply adverse 
biological consequences foi« the respondents whose intakes " are below the 
standard.- However, from the viewpoint of health "promotion, it may indicate 
the proportion of individuals in the population whose diets could be improved. 

The .second problem with using 'the -RDA as standards for dietary surveys is the 
fact that they are revised_eyery few years, which .results in v changes for some 
•nutrients. The allowance for vitamin C, for example, was reduced" between 
1968 and- 1971, but increased for 1980. Studies that analyze their data using 
the most recent RDA might note deficiencies that would not be shown with an 
earlier or later RDA. Therefore, changes in standards must be taken into 
consideration when comparing the results of surveys carried out at different 
times. 

There are also problems such as excessive nutrient intakes, which are not 
usually addressed in surveys but ca>a have an impact on "the health of the 
school-age population. Sometimes one) finds nutrient intakes that are several 
hundred times the RDA-often called ^megadoses." There are no standards set 
for the safe upper limits of most nutrients. ■ 
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The common attitude that excessive intakes of the water-soluble vitamins, 
(ascorbic acid and the B group) are not harmful is becoming less acceptable/ 
For; example, animal experiments reveal that when females are fed greater 
amounts of ascorbic acid than necessary, it can precipitate scurvy in the 
offspring who consume normal levels of vitamin C (Cochrane, 1965), Dangers 
may also arise from large intakes of other vitamins and minerals. N 

. -W 

At the present time there is a great awareness in the United States of 
vitamins as "positive 11 substances and, therefore, some people believe that if 
small/* amounts of a substance are essential then .very large doses ~may~ be 
curative. Unfortunately, the possible harmful effects* of megadoses of 
vitamins and minerals do not appear to be as great a concern as Inadequate 
intakes. Yet> some children are consuming very large amounts of vitamins A 
and C, zinc, and possibly other nutrients as well. At this time,- not as. much 
research has been undertaken to examine the prevalence of excessive intakes 
as has been -with deficient 1 ^ intakes. There appears to be a great need to 
investigate the possible harmful ^effects of long-term excessive ingestion ^ 
all vitamins and minerals. * 

\ * * 

CONCLUSION^ . — " 

*n spite 0% many inherent problems in the interpretation of data from 
nutrition sil^ve^, there are -a number of consistent findings in both national 
and local surveys that have .been conducted on children. An attempt will be 
made here to state some conclusions about the nutritional status of the 
school-age population of the United States, summarizing information from the 
four types of nutritional assessment techniques: dietary data .analysis, 
biochemical analysis, anthropometric measurements, and clinical signs. 

At the present time, dietary intakes of the following nutrients are of 
concern in the school-age population of the United States: vitamins A and C, 
calcium, and iron. Intake^ of vitamin Bg, magnesium, folic acid, and zinc ~ 
have also been shown to be low in some 'subgroups ,~ but these nutrients have 
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not been studied extensively. Energy intake, both in terms of inadequate and 
"excessive amounts is also a potential problem. The major nutritipn-related 
conditions found in the schoolrage population appear to be obesity, 
iron-deficiency anemia, and den.tal diseased 
~\ ' • ' 

Energy ;Intake . The data on energy intake show that problems exist at both 
ends of the intake spectrum, with undernutrition as\well a^ overnutrition. 
Children from low-income "homes are more likely t^o 'have, deficient intakes than 
•phjjlSrgjJ; from high-income homes, deficient or excessive intakesS occur when 
the amount ingested is not consonant with body size and the amount of energy 
expended. 

* * • - 

Vitamin, A . This vitamin is frequently cited as one\that is deficient in the 

diet of, children i arid biochemical measures show evidence of low— values in 

some* Subgroups. However, there is little indication of functicmal disability 

of any, type in - the school-age population that may have been caused by vitamin 

* ^ deficiency. Heald (1975) suggests that the standard for vitamin A is too 

^high for some age groups. 

.:">.,:■' , \ : ■ • 

V ^amih :C . Intakes of vitamin C among children are found to be low in some 
surveys* ^Nevertheless, serum levels are generally found to be. adequate-^ 
There has been much fortification with vitamin C since many of the surveys 
were done. Most fruit-flavored beverages, for example, have been fortified^ 
along with cereals and other food items. Vitamin C deficiency is unlikely in 
normal schpol-age children. However,, ^there is some vitamin C loss -in 
processing, cooking and 4 storage, of food. 

C§l£iym. There are no clinical signs of calcium deficiency in the school-age 
population, even though dietary "intake, especially among . teenage girls,^ is 
consistently found to be inadequate. This mineral is a . significant nutrient 
because deficient intakes throughout life may contribute to' osteoporosis 
ti7h. 9 demoralization of bones). However, Gopalan and Rao (1979) state 
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that if the RDA for vitamin D is' iet— which appears to be the case for almost 
everyone in the United States—it may not be necessary to consume the amount 
of calcium recommended by the dietary allowances. However, possible 
imbalances between calcium and phosphorous in the diets of children are a 
.potential problem* Until more Is known about the consequences of low 
intakes, the National Research Council is of the opinion that the RDA should 
not be reduced (National Research Council, 1980)* 

■Obesity. Obesity appears to be prevalent in western societies. It carries 
with, it increased risk of diseases such as diabetes mellitus, heart disease, 
and high blood pressure. The ' chief causes of obesity are overeating and- 
inactivity. Once these habits are acquired, they are difficult to overcome/ 

Obesity is gradually becoming the most important school-age nutrition" problem 
in \the* United. States. Overweight" children are more likely to become 
overweight adolescents (Zack et al., 1979) and .overweight adults (Abraham & 
Nordsieck,; I960; Weil, 1977). There are relationships between the prevalence 
of -obesity and sex, race' and: socioeconomic status. The Ten State Nurtrition 
Survey (1972) found"* that children from low-income states were ^thinner than 
children from high-income statep,.but that in late adolescence there is a 
reversal of this trend among females. HANES data show that during adulthood 
the .group with the greatest prevalence of obesity is low-income black females.' 

Iron Deficiency Anemia . Iron deficiency is the most prevalent cause of 
anemia in children, but the condition can also result from other causes, such 
as deficiencies of vitamin B 12 and folic acid, and genetic anomalies (e.g., 
fc he sickle cell trait). It is commonly believed that iron deficiency is a 
serious problem in the school-age population and many surveys have shown .this 
to be the case. The exact prevalence, however, has been difficult to 
establish. There are severa,! reasons* for this: (1) iron intake data alone 
are not adequate to determine the severity of a deficiency because the form, 
of ipon and the presence of "\ vitamin C influence absorption and utilization; 
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(2): hemoglobin and hematocrits — which are measured most frequently in surveys 
of iron, status—may not be sensitve and reliable indicators of iron 
deficiency, especially for black children; and (3) factors other than - iron 
deficiency that could cause anemia are seldom ruled out. 

Seruin iron, transferrin saturation and serum \ferri tin give a more accurate 
picture of iron status than hemoglobin and hematocrit , because they reflect 
the amount of iron stores. Serum ferritin is a relatively new test that has 

not ;been used in the national surveys. HANES did not find a high percentage 

* 'f 

of low serum iron values among school-age children, but did. find that 8 to 18 
percent had unacceptable .values for transferrin saturation. The highest 
percentage of unacceptable values was found among teenagers. More low-income 
children had unacceptable values, but there was no pattern related to race. 

D ^ nta j" ;: disease . Dental, caries is the most widespread dental disease * in 
/children. Some surveys * note a high * prevalence of uncorrected \ dental 
problems, or signs of ^past dental problems such as missing and filled teeth, 
in the. school-age population. Dental disease results from a combination of 
genetic and environmental factors. The factors that are. manipulable in this 
population are dental hygiene and nutrition. Apparently, inadequate dental 
hygiene and the frequent consumption of carbohydrate-rich between-meal snacks 
greatly* 'contribute to the poor dental status of school-age children. (Center 
for Disease Control, 1972). - 

Summary 

It is apparent that deficiency diseases (such as scurvy, pellagra, and 
beriberi), which used to be prevalent problems .of school-age children, no 
longer exist to any great extent, however, there are still nutrition-related 
conditions that affect, the school-age child. Some conditions such as mild 
chronic undernutrition," dental caries, overweight, and iron-deficiency anemia 
are apparent during the childhood years. Others such as obesity, high serum 
cholesterol, and high blood pressure may contribute to more long term 
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grifbl&Sf The causes of Jbhese '.. ^problems , and the demographic and 
|6ci<5eoonorsic factors .associated with them, require further clarification 
through continued research. 



% 



417 

397 



\ 



\ 



Table III-9. Surveys that Include Clinical Signs as Part 
of the Nutritional Assessment of School-Age Children 



AUTHOR'S) * SAMPLE/ $ FINDINGS/" 

COMfCNTS METHODOLOGY CONCLUSIONS 



NATIONAL SURVEYS 



HEALTH AND NUTRITION EXAMINATION 
SURVEY (BANES) 

Abraham et-il. t "l975"~~~ 



£,112^ children 



Cowents: (1) Preliminary find- 6*17 years old 
ings only; (2) Estimates are 
based, on weighted observation, 
data inflated to the level of the 
total 'population; (3) There Is a 
risk of bias because response rate 
failed to aeet -the original 
probability sample; (* ) No statis- 
tical significances calculated 
between income and ethnic groups. 



.1,050 males 
1,062 females 

Approximately 70S white and 
30* black 

20% at or below poverty level 



In general, clinical signs Indicat- 
ing high or moderate risks for 
nutritional deficiencies were 
Infrequent . 

Signs where percent prevalence 
exceeded 101 were: 

Follicular hyperkeratosis, 6-1 1-' 
year-old blacks below the poverty 
level. 

Thyroid enlargement, Group "I, 12-I7r 
year-old blacks above the poverty 
level. 

Positive Chvostek's sign (Calciua- 
Phosphorus imbalance)— 12-17 year 
olds, white and black In Income 
levels above and below poverty. 

Black children-showed 'generally 
higher, prevalence than whites for 
deficiency signs for vitamins A, C, • 
D, Iodine, and calcium-phosphorus t 
Imbalance, j 

Children from families below } 
poverty showed higher prevalence 
than above-poverty-level children 
for deficiencies of vitamins A and 
C, and for calcium-phosphorus 
Imbalances. 



TEN STATE NUTRITION SURVEY* 
Center for Disease Control, 1972 



Martin & fieal, 1978 

Comments ; (1) Geographically, 
the survey was limited; it 
.excluded the Western and Plains 
states; (2) The v sample was not 
restricted to low-income' or 
below-poverty-level populations; 
( 3) Ages are often grouped making 
it impossible .to draw conclusions 
for .the school-age population; 
(«) No*' statistical differences 
calculated. 



Children from 10 states 

plus New York City 

(see Martin 4 fieal, 1976) 

*0,W7 persons 
16,000 pediatric age 

Low-Income ratio states: Kentucky, 
Louisiana, South Carolina, Texas, 
and Vest Virginia 

High-income ratio states: 
California, Massachusetts, 
Michigan, New York, and Washington . 



Conclusion : Black and~5panish- 
Amerlcans had more untreatstf and 

decayed teeth than whites did** 

* k 

There was little evidence of severe 
malnutrition. The few positive non- 
specific signs in skin, hair 'and 
eyes were "inconclusive. 

Thyroid enlargement was least preva- 
lent In whites, and most prevalent 
in Spanish-Americans from 
low-incoae-ratio states (unrelated 
to urinary iodine excretion). 

The rate of decayed, wissing and 
filled teeth increased with age 
in all income and ethnic groups. 
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Table III-9* Surveys that Include Clinical Signs as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



^ FINDINGS/ \ 
CONCLUSIONS 



The state or dental health was 
unrelated to sugar and carbohydrates 
eaten at seals, but was related to 
between-aeal consumption of 
carbohydrates by all ethnic 'groups 
in high- income- ratio states and to 
blacks only in low- income- ratio 
states. 



LOCAL SURVEYS 

Brunswick & Josephson, 1972 

Con ents ; (1) Part of a larger 
survey; (2) Self perception of 
health problemsby adolescents 
with examination, 7*$ of those 
interviewed were. also examined; 
(3) Data. collected 1966-70. 

I 



Hew York, Harlem 
421 children 
12-15 years old 
Black 



The most prevalent of all health 
problems among adolescents were 
dental probleas. 

20$ of both sexes had vision and 
eye probleas. 

16$ of both sexes had respiratory 
heart and blood' pressure problems. 

101 had .skin and/Scmplexion 
problems, twice as many females as 
■ales. 

7$ of both sexes had nutrition 
(aalnly obesity) .problems/ 

4$ had anemia, twice as aany 
feaales as males. 

Conclusion :' Adolescents' own 
health appears to be of great 
* concern to them. t 



ChrisUkis et ml., 1966 



Mew York City 

612 children 

1^0-13 years old 

56* female 
44$ -aale 

64$ Puerto Rican 
*14$ Chinese 
10$ black 
8* white 
4$ other 

Low Income 



Clinical findings showed that 5$ of 
the subjects demonstrated follicular 
hyperkeratosis, 4$ angular fissure, 
6$ gingival redness and hypertrophy, 
7-1$ diffusely enlarged goiter (with 
feaales having three tlaes the fre- 
quency of^aales) and 6.3$ cardiac 
murmurs (males having twice the 
frequency of females). 

4.5$ of the females and 2.4$ of the 
aales'had systolic* blood pressures 
of 140am Hg and over* 

5$ of the sample had diastolic 
pressures of 90am Ug and over. 

4 times aore obese children showed 
systolic pressures of over I40ma Hg 
than non-obese children. 



ERIC 



US 



Table III-9. Surveys that Include Clinical Signs as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) SAtffLE/ ''IlfDINGS/ 

COWCMTS METHODOLOGY CONCLUSIONS 



33* of the .white children had 
diastolic pressures of 85em Hg or 
i sore, a highly significant 

difference with other racial groups. 

Ho difference was noted by sex on 
dental ratings; however, Chinese 
children had lower ratings than 
other ethnic groups. 



Clarke et al. v 1978 ftiscatlne, Zowa 

; 8.909 school children 

5- 18 years old 

81 6 examined repeatedly over a 

6- year period 

50** male 
50* female 



13$ of the sample had systolic 
and/or diastolic blood pressure 
levels in excess' of the 95th percen- 
tile for their age and sex group. 
6-year correlations were .30 for 
systolic and .18 for diastolic 
blood pressures. 



Frank et al», 1978 



Bogalusa, Louisiana 

185 children 

9-11 years old 

659 white 
35* black 



Mean systolic blood pressures for 
males were 98mm Hg and for females, 
99mm Hg. Diastolic blood pressure 
levels averaged at 6 1mm Hg for all. 

Subjects with the highest systolic 
levels had diets with the- lowest 
sucrose content; subjects with the 
highest diastolic pressures had 
diets highest in potassium. 



Garza k Scrimshaw, 1976 



Boston 

99 children 

4-9 years old 

69 black 
30 white 



The^XoMpwing percentages of black 

children\were found to be lactose 

into] -rant by the standard lactose 

tolerance\test: 

11* of 4-5 year olds, 

50* of 6-7 year olds, and 

72* of 8-9 year olds. 

However, no child was found to be 
intolerant to 240 ml (approximately 
one cup) of milk. 

The daily milk intake of lactose- 
tolerant and lactose-Intolerant 
black children was hot statistically 
significantly different; however, 
daily milk intake of all 8-9-year- 
old black and white children was 

(£ < .01). 



420 



Table III-9. Surveys that Include Clinical Signs as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) SaK>LE/ FINDINGS/ 

COttffiNTS METHODOLOGY - CONCLUSIONS 



Conclusion : "...existing milk pro- 
grass for young children need nol be 
Halted by considerations of primary 
lactose Intolerance* 1 (p. 195). 



Hard et al. f 1958 

Comments : (1) No information on 
how the sample was drawn;" -(2) Ho 
information on socioeconomic 



I 

Washington State, Snohomish end 
Yakima* Counties 

12* females - 
124 males 

15-16 years old 

The gingiva and the. epithelium of 
upper arm were observed by bio^ 
microscopic examination and by 
physical exam, and gums were photo- 
graphed for indices of ascorbic 
acid nutritional status. 



Average bionicroscopic scores \for 
arm and gingival lesions indicate a 
"slight" ascorbic acid deficiency. 
Significant correlation found for 
chronic gingival lesions and serum 
ascorbic acid in Yakima, females*. 
Otherwise no correlation were signi- 
ficant, for lesions, serum ascorbic 
acid, vitamin C intake, regions and 
sexes. Photographs showed results 
•similar to the biomicroscopic 
scores. 

Physical exam showed no abnormal- 
ities for Snohomish females, "mild" 
recession of the interdental 
papillae in 10$ of Snohomish males, 
and aaong the Yakima subjects, 25$ 
had "mild" to "moderate" signs of 
swelling, recession of the 
interdental papillae and recession 
st th/ dental margin. 



Hodges 4 Krehl, 1965 

Comment : 2,0*5 teenagers were 
examined, but data are reported 
oh only 252. 



Iowa 

Grades 9-12 

128 mai*s 
124 females 



Systolic blood pressures were 
slightly higher in males than in 
females. , 

Blood pressure was positively 
associated with a rise in triglycer- 
ides and an increase in body weight 
<£ < .05). 

There was a positive relationship 
between blood pressure and fatfold 
thickness of the arm (£ < .05), but 
negative with fatfold thickness of 
the scapula (£ < .05)* 



Larson et al., 197* Lower Rio Grande Valley, 

Texas 

Comments : (1) Mo information 

provided as to how clinical signs 137 children 

were determined; (2) Sample 

sizes were not reported. 2-9 years old 

Hexican-american 



405 were found to have 2 or more 
cavities, 16$ had 5 or sore 
cavities. 

The following clinical signs were 
observed: Follicular 
hyperkeratosis, hypertrophied 
tongue papillae, rib beading, 
widened wrists, pallor, anemia, 
angular stomatitis, liver 
enlargement, B complex deficiency, 
and generalized under-nutrltlon. 



421 
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Table III-9. Surveys that Include Clinical Signs as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTHOR(S) 
COmEKTS 


SAW>LE/ 
METHODOLOGT 


FINDINGS/ 
CONCLUSIONS 


Conclusion: HanV aisna of nutrient 
deficiencies exist in this 
population. 


Uuer et al., 1975 


Muscat ine, Iowa 
6-18 years old 


Ages 6-9 had no blood pressures at 
hypertensive levels. 




2,3*5 males f 
2,403 females 

96.4 white 

-2.8* Spanish American 
3.6} black* 
0.21 American Indian 
0.1* Oriental 


8.91 of the subjects 14-18 years old 
had systolic pressures above 140mm 
Hg; 12.2* had tftastolic pressures ** 
of 90m or abo-e, and 4.4* had boCn 
systolic and diastolic readings in 
the hypertensive range. 




Hypertension defined as systolic 
140mm Hg or diastolic 90mm Hg 
or above.* 





L«eV 1978 

j Comments ; (i) Data were collected 
'in 1973; (2) Sample is not repre- 
sentative of the population by 
race or .sex; (3), Income data 
wetecollected only from those 
willing to disclose it. 



Central Kentucky 

12-19 years old 

72 females 
46 males 

85* whit e^ 
33 black 

Mean family incooe: 
♦12,445 white 
$ 7,824 black 



Systolic blood pressure above 
135mm Ug was ob^rved in 23* white 
males, 14* of white females, 56* of 
blacl sales and 19* of black 
females. Black males* systolic 
blood pressure levels were statis- 
tically significantly higher than 
t the other groups (j> < .05). Sys- 
tolic blood pressures were signifi- 
cant^ correlated to body weight for 
both sexes (p. < .01), to serum tri- 
glycerides in females ;p_ < .01), 
and to beta lipoproteins in males 
<£ < .01). 

Visible dental caries were found in 
7* of whites and 18* of Macks. 

i 

The prevalence of risk factors 
associated with coronary heart 
disease found in this population 
were: smoking, high blood 
pressure, elevated serum lipids, 
and -overweight. 



Myers et al., 1968 

Comment; Part of the Boston 
survey, all subjects from a 
single district. 



Boston, Massachusetts 

211 children 

9-13 years old 

228 black 
94 white 



Dental pathology was found in 93* 
of the population. Black children 
generally had better teeth than 
whites. 16 children, all black, had 
no tooth decay. 

Whites had 50* more caries and 3 
times as many fillings as blacks, 
which are significant differences 
(£ < .01). 
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Table III-9. Surveys that Include Clinical Signs as Part 
of the Nutritional Assessment of School-Age Children (Cont'd) 



AUTKOP(S) 
COMMENTS 



SAMPLE/ 
METHODOLOGY 



FINDINGS/ 
CONCLUSIONS 



Appro xiaately equal number males 
and females 

tow income 



Additional clinical findings: 
.gingivitis, 62$ 
dry, scaling^skin, 52? 
follicular keratosis, 25? 
tongue involveaent, 25$ 
eye signs, 1 3% 
bow legs, 15* 
knock knees, 13? 
heart auraurs, 10? 



Vllllaas et al., 1979 

Comments: (1) Data were collected 



in the fall and winter of 1977r 
(2). Stall saaple size; (3) For 
w^iffht and fat fold thickness no 
in .tation offered on aethods 
of data. collection; H) Authors 
unable to explain large dif- 
ferences between the two schools. 



aew lork City * 

9* first graders 
5-6 years old 

59 tales 
35 feaales 

2 schools 

High blood pressure was defined 
by the standard of the 
Pediatric Task Force* on Blood 
Pressure in Children (American 
Academy of Pediatrics, 1977). 



Only 1 child was found to have 
high blood pressure. 

Conclusion ; 21? of, the 95 students 
had 1 or aore measurements that 
were above levels for optimal 
cardiovascular health. 

The differences between the 2 
schools were large — 33? in 1 
school^ had 1 or aore elevated risk 
factors, while only 10? in the other 
school showed similar elevations. 



\ 



\ 
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